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Chapter  1 

THE  NATURE  OF  FALLOUT 


1.1  Background 

On  the  16th  day  of  August  In  1948  the  first  nuclear  explosion,  Shot  Trinity, 
was  detonated  at  Alamogordo,  New  Mexico.  The  nuclear  device  was  mounted  on 
a  tower  at  a  height  of  about  100  feet  and  the  energy  of  the  explosion  was  equiva¬ 
lent  to  that  of  19,000  tons  of  TNT.  The  explosion,  as  all  nuclear  explosions, 
produced  radioactive  materials  that  nombL.od  with  ether  materials  engulfed  by 
the  forces  of  the  oxplosion.  The  product  of  the  combination  has  been  given  the 
name  fallout, 

From  most  nuclear  explosions,  fallout  is  in  the  physical  form  of  particles. 
After  Shot  Trinity  some  of  these  particles  deposited  on  pastures  and  on  (he 
backs  of  oows  at  some  distance  from  the  point  of  detonation,  and  the  nuclear 
radiations  from  the  particles  causttd  burn-like  injuries  on  the  cows'  backs. 

Other  than  this  the  exposure  had  no  ostensible  influence  on  the  life  of  the 
animals  or  their  offspring. 

The  Incident,  however,  initiated  Interest  and  concern  among  some 
scientists  and  engineers.  Both  the  fate  of  radioactive  substances  produced  in 
nuclear  explosions  and  the  biological  consequences  of  their  inicrnclion  with 
living  m alter  came  under  aludy. 

In  Operation  Crossroads,  in  1940,  ships  exposed  (o  the  effects  of  an 
underwater  nuclear  detonation,  were  found  to  be  contaminated  with  radioactive 
■u balances,  and  mllitary--especially  Navy--lntercst  in  the  fallout  phenomenon 
was  aroused.  The  results  of  that  test  Initiated  Iho  recognition  of  fallout  as  one 
of  the  primary  phenomena  of  nuclear  explosions  and  one  that  could  have  a 
profound  influence  on  military  operations  using  nuclear  weapons, 

The  rooocmltlon  and  acceptance  of  the  Implications  of  fallout  on  military 
operations,  however,  was  at  first  limited  to  a  rather  small  group  of  scientists, 
engineers,  and  military  people.  Additional  evidenco  and  data  on  fallout  were 
obtained  in  subsequent  teats,  especially  in  Operations  Greenhouse  and  Buster- 
Jangle  in  1951  and  In  Upshot-Knothole  in  1953.  But  It  was  not  until  the 
detonation  of  Shot  Bravo  in  Operation  Castle  in  1954  thnt  general  recognition  of 
the  fallout  phenomenon  was  established. 


Two  of  the  bettor-known  Inoidonts  that  Influoncod  (or  forced}  such  recog¬ 
nition  were  tho  exposure  of  the  Mnrshnll  Islanders  on  the  Rongelnp  Atoll  nnd  of 
the  Japanese  fishermen  in  their  boat  at  son  to  tho  radiations  from  fallout.  Rut 
even  after  tho  Shot  Bravo  experience  there  remained  a  few  who  wanted  to 
holievo  thnt  n  "fluko"  had  ooourred  nnd  that  fallout  was  not  of  military 
significance. 

Now,  several  years  nnd  many  tost  detonations  lntor,  there  nro  no  remain¬ 
ing  doubts  about  the  production  of  fallout  in  nucloar  explosions.  Present 
studies  are  directod  to  quantitative  evaluations  of  tho  degree  to  which  fallout  Is 
significant  in  tho  military  applications  of  nucloar  explosives.  Thus  It  Is  no 
longer  of  interest  simply  to  noto  thnt  rtullnnotlvo  atoms  nro  produced  In  nucloar 
explosions.  Tho  problem  is  to  determine  tho  quantity  of  the  radioactive  atoms 
producod,  what  physical  processes  they  are  subjected  to,  where  they  go,  nnd 
how  their  disposition  mny  affect  tho  operations  and  the  liven  of  people. 

Because  fallout  contains  radioactive  atoms,  nnd  heenuse  rndionctivo  atoms 
omit  nuclear  radiations  thnt  can  cause  damage  In  the  cells  of  living  Ubbuos,  the 
presence  of  fallout  in  the  environment  is  usually  equated  with  a  potential  radio¬ 
logical  hazard  to  living  matter.  The  core  of  tho  present-day  Interest  in  fnlleul, 
therefore,  consists  of  evaluating  the  biological  consequences  to  humans,  animals, 
nnd  plnnls  of  tho  exposure  to  nuclear  radiations  from  fallout. 

The  degree  and  nnturo  of  possible  exposures  of  living  matter  to  nuclear 
radiation  depend  upon  many  physical  parameters  and  those  l»egln  with  the 
Initial  production  of  the  fallout  In  a  nuclear  explosion.  The  nature  of  the 
exposure  is  more  fundamentally  connected  wllh  physical  processes  than  is  the 
degree  of  the  exposure.  In  terms  of  degree,  it  is  known  thnt  possible  radiation 
exposures  would  be  highest,  and  therefore  the  biological  consequences  most 
severo,  for  nuclear  explosives  used  In  a  large-scale  war,  This  degree  of 
exposure  Is  of  concern  to  many. 

After  tho  fallout  Is  In  an  environment,  the  degree  of  this  radiological 
haenrd  can  be  measured.  But  the  kind  and  amount  of  hasnrd  In  a  nuclear  wnr 
situation,  nl  least  before  tho  fact,  cannot  1m?  evaluated  without  a  reasonably 
detailed  description  of  the  history  of  the  rndionctivo  atoms  produced  In  nuolonr 
oxplodions.  Such  a  history,  to  be  useful,  must  reveal  the  osscntlnt  details  of  the 
physical  processes  In  which  the  rndionctivo  atoms  participate,  from  the  instant 
they  are  formed  up  to  any  desired  later  time. 

The  major  purpose  of  this  report,  therefore,  is  to  outline  nnd  discuss 
these  physical  processes  nnd  the  Important  parameters  on  which  thoy  depend. 

The  data,  data  analyses,  data  correlation  schemes,  and  discussions  presented 
here  are  organised  to  emphasise  hnBtc  prtnciploB  so  thnt  an  appropriate 
methodology  can  bo  npplled  tn  evaluating  the  radiological  consequences  of 
nuclear  war. 


1.2  A  general  Description  of  Fallout 


An  explosion  of  ftfijr  kind,  detonated  near  tho  surface  of  tho  earth,  ouusc* 
material  to  be  thrown  up  or  drawn  Into  a  ohimnoy  of  hot  rising  gases  nml  rnleud 
aloft,  In  a  nuoloar  exploalon,  two  Important  processes  occur;  (1)  rndkmotlvo 
elementa,  which  are  produced  and  vnjiorlred  In  tho  process,  condense  Into  or 
on  thla  material)  and  (2)  a  large  amount  of  non-rudlouotlve  material,  risen 
thoueanda  of  feet  Into  the  air  before  tho  amall  pnrtlclos  begin  to  fall  back,  This 
permlta  the  winds  to  aonlter  them  over  largo  nrons  of  tho  oarlh'H  surface.  Thus, 
when  the  particles  reach  the  surface  of  the  earth  they  are  far  from  their  place 
of  origin  and  oontaln,  within  or  on  thoir  surface,  rndlonctivo  elements.  Whether 
they  arc  solid  particles  produced  from  soil  mlnornls,  or  liquid  (salt-containing) 
particles  produced  from  sen  water,  they  nro  called  fallout. 

Tho  composition  of  fallout  can  be  described  in  tormt.  of  two  or  three 
components.  One  is  tho  inactive  carrier;  this  consists  of  the  environmental 
material  at  tho  location  of  (he  detonation  and  is  tho  major  component  in  «  nonr- 
surface  detonation.  The  second  component  includes  nil  tho  radioactive  elements 
In  the  fallout. 

These  radioactive  olements  can  bo  nuhclusslfiod  Into  two  groups  by 
source.  The  first  group  contains  tho  fission-product  elements  that  nro  produced 
in  the  fission  process  that  initiates  the  explosion.  The  second  group  consists 
of  the  elements  produced  by  the  capture  of  neutrons  released  In  both  fission 
and  fusion.  The  kinds  and  amounts  of  these  neutron-induced  radioactive 
elements  In  tho  fallout  differ  from  one  detonation  to  another  depending  upon  the 
typo  of  weapon  used  and  tho  ohomienl  olements  in  tho  environment  at  the  point 
of  detonation, 

Occasionally,  a  third  fallout  component  group  Is  considered.  This 
consists  of  llio  bomb's  structural  materials  and  is  a  major  component  In  air- 
burst  fallout. 

Thu  word  fallout  is  occasionally  preceded  by  "close-in"  (or  "loonl")  ant) 
"long-range"  (or  "world-wide").  Those  terms  have  nover  been  prooisoly  defined 
except  for  operational  purposes,  Tho  terms  imply  some  arbitrary  differentia¬ 
tion  of  the  fallout,  or  the  radioactivity,  on  the  bnsls  of  distance  from  tho  point 
of  detonation  or  time  required  for  tho  matortul  to  fall  to  the  earth's  surface, 
llowover,  as  is  discussed  In  the  following  chapters,  the  gradual  changes  in  tho 
properties  of  the  fallout  with  distance  make  precise  definition  of  these  terms 
Impossible,  except  for  the  extremes  of  each  fallout  classification,  Therefore, 
except  for  theso  oxlremo  onsos,  thosp  descriptions  are  not  used  further  as 
definitive  torms  In  discussing  tho  nature  and  properties  of  fallout, 
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1,3  Chnrnotorlstlo  Types  of  Fnllout 


Tho  ohnrAoterlstlo  tyy»on  of  fallout  aro  determined  by  the  environment  nt 
the  point  of  dotonation,  They  aro  generally  classified  as  bolng  either  land,  son 
wfttor,  harbor,  or  nlr  fallout, 

The  major  component  of  tho  fallout  from  detonations  near  tho  nurfnoo  of 
land  li  tho  uoll  particles,  In  dotonntlons  near  tho  surfnoo  of  tho  oaorin  tho 
major  component  Is  tho  son  water  residues  (salts  and  wntor).  Tho  fnllout  from 
doionallonn  In  harbors,  rivers,  and  shallow  lakes  may  contain  nmlorlnls  from 
the  bottom  ns  well  ns  water  and/or  spa  water  salts;  tho  relative  amounts  of 
each  dopond  on  tho  depth  of  tho  water,  the  height  or  depth  of  tho  burst,  nnd  the 
energy  re! eased  during  tho  explosion, 

From  an  nlr  burst  (not  near  tho  surface  of  tho  earth)  the  major  fnllout 
component  Is  the  structural  materials,  such  as  Iron  and  aluminum,  etc.,  of  the 
Ixmib  or  missile  war  bond,  When  tho  mass  of  those  materials  In  not  too  large, 
nnd  whon  It  Is  nil  vuporlzod,  only  very  small  fnllout  particles  m.:  formed.  The 
properties  of  nlr  burst  fnllout  are  those  most  often  associated  with  the  terms 
long-range  or  world-wide. 

The  fnllout  from  tho  near-surface  bursts  consists  of  large  particles  that 
fall  rapidly  to  the  earth;  those  fallout  types  result  In  much  higher  deposit 
densities  thun  those  from  tho  air  burst,  rteenuse  of  this  large  difference  In 
fallout  deposit  density  and  the  associated  radiological  hazard,  only  the  first 
three  characteristic  types  of  fnllout  (land,  son,  nnd  harbor)  are  discussed  nt 
length  In  the  following  chapters. 


1  '**  Potential  Hazards  from  Fnllout 

Tho  potential  hazards  from  fnllout  nro  mentioned  briefly  here  to  Identify 
them,  to  Indicate  their  relationship  with  physical  quantities  that  can  be 
measured,  and  to  emphasize  <no  fact  that  Interest  In  knowledge  about  fnllout  has 
boon  aroused  mainly  because  of  thone  hazards, 

Tho  radioactive  elements  within  or  on  tho  surface  of  Iho  fnllout  particles 
omit  gamma  nnd  X-rays  and/or  botn  or  alpha  pnrtlolos,  Tho  gnmmu  and 
X-rays  are  the  same  except  that  the  gnmma  rays  are  more  energetic;  they  nre 
often  termed  tho  penetrating  or  long-rango  rndlnllons  booauso  gnmmu  and 
X-rays  travel  long  distances  In  air  nnd  In  other  low-density  materials,  The 
beta  and  alpha  pnrtlolos  aro  often  tormod  Hhort-range  radiations  bocauso  they 
do  no!  travel  very  far  oven  In  air  and  nro  stepped  by  small  thlcknossos  of  more 
donse  material.  Of  Iho  two,  the  alphn  particles  arc  the  onslcr  to  stop. 


Tho  potential  hazard  from  the*  throe  types  of  nuclear  radiations  Hum  in 
the  capability  of  tho  different  typos  of  radiation  to  penetrate  material,  both 
living  nnfl  Inanimate,  especially  when  the  radioactive  souroo  In  not  In  aunt  net 
with  tho  mntorlnl  Irradiated,  Thun,  from  fallout  pnrtloloN  deposited  on  tho 
ground,  tho  gnmmn  riiyn  nro  tho  only  onos  omitted  (hut  ann  ponutrntu  Inrgo 
distances  Into  tho  humnn  body,  Tho  shortor-rnngo  beta  purtloloM  enn  penotrnto 
n  short  distance  Into  mntorlnl  whon  their  smiruo  Is  either  In  contnet  with  I(h 
mirfnoo  or  is  part  of  tho  mntorlnl  (l.o.,  nn  tntornnl  source).  In  gonurnl,  til phn 
pnrtlalos  nro  not  n  fnllout  hazard  because  the  nlplin  omlllors  tire  mm  extremely 
diluted  nnd  long-lived. 

|  j  - 

Tho  gnmmn  riiys,  then,  constitute  nn  oxlcrnnl  hazard;  the  lietn  purttcle* 
nro  often  tormori  n  contact  nnd  nn  internal  hn/,nrdi  nnd  the  id  phn  riiyn  constitute 
nn  Internal  hnr.nrd,  If  nny.  Hut  since  the  major  Houroo  of  alpha  partloluH  In 
fnllout  lit  from  the  decay  of  unroueted  urunlum  or  plutonium,  which  lire  very 
long-1  Ivod  radlonuolldoN,  (ho  nlphn-pnrtlele  hazard  in  negligible  compared 
with  Unit  of  tho  gnmmn  nnd  boln  rays  derived  from  other  radioactive  clemenls. 
Honce  tho  nlphn-pnrtlolo  hn/.nrd  In  not  considered  further, 

Tho  two  rndioncttve  emlHHionH  Hint  arc  of  concern  In  fallout,  therefore,' 
arc  tho  gnmmn  rndtaiiani*  (Including  the  X-ray*)  mm  an  external  source  of 
hazard,  and  the  beta  pnrlleleH  us  n  emit  act  or  Internal  source  of  hazaril. 

Tho  Hlgnlfioanoe  of  I  hi  h  dlllcrenlintlon  between  the  two  type*  of  rndliillonH  :ts 
hazard  nourcon  In  discussed  In  Inter  chapters.  Hoth  typoH  of  radial Ioiih  cause 
injury  to  living  orgnnlNmn  by  producing  lonl/ntlon  along  their  put Iim  through 
living  ttNNue,  In  other  wnrdn,  the  rny«  or  particles  transfer  energy  to  the 
electrons  of  the  atoms  In  (he  mntorlnl  they  penetrate.  TIiIh  causes  the 
clcctronn  to  leave  their  orbits  around  the  nucleus  of  the  atom  so  that  (he  atom 
takes  on,  for  n  short  time,  n  positive  charge. 

A  specified  amount  of  energy  Is  rctpilrcd  to  Ionize  nn  atom:  for  every 
Inn  pnlr  formed  by  Ilia  passing  of  n  gnmmn  ray  or  h«tn  particle  near  an  alum, 
the  ray  or  pnrttolo  loses  nn  equivalent  amount  of  energy.  The  u mount  In  not 
tho  same  for  nil  mnteHnl*  penetrated  heenuse  the  energy  ret|iilred  to  ionize 
nn  atom  differs  from  one  chemical  clemcnl  to  anolher.  The  roentgen  Is  ihe 
defined  unit  for  measuring  the  energy  absorbed  from  gnmmn  and  X-rays  In 
nlr,  The  vuluo  of  the  r  unit  Is  bnsed  on  Ihe  energy  required  In  ionize  the 
nitrogen  nnd  oxygen  atoms  of  air  to  form,  In  one  cubic  ccnllmcter  of  air  at 
standard  conditions,  one  pair  of  Ions,  Hy  this  dollntllon,  the  r  mill  Is 
equivalent  In  the  nlisorplton  of  about  R7  ergs  of  mievgy  per  gram  of  nlr, 

St  net’  this  unit,  tho  r,  Is  del  I  nod  on  the  basis  of  nlr  lonl/ntlon,  II 
cannot  lie  related  to  the  number  of  rndlonetlve  atoms  tlml  emit  gnmmn  rays 
unless  both  tho  energy  of  the  rays  passing  through  n  given  volume  of  nlr  nnd 
the  geometric  configuration  of  the  emitting  sources  arc  known.  These 

n 
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rtrintinoHliipH,  lor  it  i'(iiu|»llciili'(l  m l>iijui'i>  ul  r<«< lioiiiicl I<Ii<h  hucIi  iim  would  lie 
present  In  falloul,  have  only  boon  <M1I<H1I<1U<<I  lor  11  lew  very  simple  source 
goumirirlca.  An  example  In  (he  calculation  for  the  ulr  lnnlr.nl Inn  rale  nl 
Hirin'  fool  above  nn  Infinite!  smooth  piano  covered  with  n  uniform  distribution 
of  Hanlon  prmlunlN,'* 

The  nil*  Ionisation  rnto,  In  roentgens  per  hour,  In  ofUm  oiilUnt  the 
intensity,  or  the  radiation  intensity;  jtvhon  uhocI,  these  terms  nlwnys  refer  lo 
the  magnitude  of  the  sir  ionisation  Hit".  Another  term  often  used  Is  dose 
rate;  however,  this  one  is  more  precisely  nssoolated  with  the  rate  of  energy 
absorption,  from  tha  radiations,  in  living  tissue  rather  than  In  ntr,  since  dose 
rats  hail  a  biological  connotation,  In  uommon  unugu,  the  three  terms  (Intensity, 
radiation  intensity,  and  rinse  entel  are  used  Interohanaeablyi  when  their  units 
are  r  per  hour,  they  nro,  in  fact,  air  Ionisation  rates. 

The  total  amount  of  energy  absorbed  In  0  volume  of  air  over  a  period  of 
time  Is  tiie  radiation  dose,  When  the  accumulated  air  ionisation  rate  (I.e,, 
the  does)  is  associated  with  biological  haxar<l  from  an  unmodified  fallout 
dspnalt,  the  restrictive  terms  potential  dose  or  exposure  dose  are  often  u sod. 
Such  use  actually  Involves  two  restrictive  concepts  or  assumptions.  The 
first  Is  tkst  tills  dose  is  the  total  amount  of  air  lonlnntlon,  per  unit  volume, 
that  a  person  nr  object  is  exposed  |n  by  staying  in  the  specified  location 
for  the  length  of  time  that  the  elated  energy  Is  being  absorbed  by  the  air,  The 
second  concept  Is  that  the  dose,  or  the  energy  absorbed  by  the  air,  le  propor¬ 
tional  to  the  amount  of  energy  absorbed  by  the  person  or  object. 

The  terms,  dose,  potential  doss,  or  exposure  dose  are  used  only  in 
reference  to  the  air  Ionisation  In  the  following  chapters.  While  the  biological 
effects  of  a  radiation  doss  are  outside  the  scope  of  this  discussion,  arbitrary 
values  of  dose  limits  are  used  occasionally!  they  Illustrate  the  methodology 
that  can  lie  used  Id  solve  eXpoiure-oontrol  problems, 

fi  ’  .  •  • 

11  ....  .  .. 

The  dosc-llmit  voluea  used  in  th|s  rsport  are  selected  on  the  basis  of 
assumed  relations  between  sir  ionisation  doses  and  biological  effects,  These 
•elections,  when  applicable,  include  the  concept  that  some  biological  ef fools 
have  a  threshold  dose  while  others  do  not,  end  Unit,  whop  the. dose  Is  absorbed 

over  s  long  period  of  time,  the  bloiaglcnl  effect  of  dm  dose  iC-deo  ranged  dye  _ 

to  bodily  repair  of  tissue  damaged  during  the  exposure,  ^ 


♦References  are  Itslod  nt  the  end  of  each  chapter, 


Tim  trim Kitl ion  riiKi  awl  the  close  rmm  held  rays  nro  usually  defined  In 
ini* m #t  of  Iho  energy  absorbed  hy  i ho  Irml/Htlon  of  the  atoms  or  mnlsniiltia  In 
tissue,  Ninon  thu  hot n  particles  (In  nol  penetrate  very  Ini'  Inin  llio  tiMnito, 
the  doso  from  bain  nmlttors  nil  Iho  surface  of  tissue,  miah  as  the  skin,  Is 
absorbed  largely  In  tho  skin's  outer  layers.  IlnonuNC  of  tho  complicated 
manner  In  which  tho  energy  of  tho  beta  port IoIoh  In  distributed,  there  In  no 
simple  method  lor  estimating  the  energy  nbsarbed  In  various  ihloknceses  of 
u  tissue  knvlng  a  deposit  of  n  mixture  of  rndlonotlvo  ntoins  on  Its  surface, 
hlvon  when  the  radioactive  atom*  arc  uniformly  distributed  through  n  tissue, 
an  may  lie  the  onau  for  several  Ingested  radio-elements,  the  methods  for 
ctHlImHtlng  tho  absorbed  done  aro  fairly  complicated?  In  this  case,  the  rates 
of  nooumulntlon  In,  and  elimination  from,  tho  Mamie  mimt  nlao  be  considered, 

In  moat  of  tho  fall  out  oondtttona  doaortbed  In  tho  following  ohaptera, 
the  beta  radiation  exposure  turns  out  to  be  the  leas  dominant  fallout  haaard, 
Howovor,  some  times  and  situation*  where  beta  radiation  can  bo  n  significant 
haaard  are  dlequseed,  1  v  . 

Tho  main  Immediate  luusard  from  fallout  when  it  arrive*  on  the  sur face 
on  llio  onrlh  after  a  nuclear  explosion  la  due  to  the  gamma,  or  ponatratlng, 
radiation.  Those  nuolear  rndlnttona  oan  travel  long  dlatanooa,  and  their 
summed,  or  Integrated,  Intensity  completely  dominates  tho  radiation  haanrri. 
This  la  the  anno  even  for  person*  or  object*  contaminated  with  falling 
particles,  since  tho  contribution  of  tho  beta  partiolen  to  the  exposure  dneo  Is 
only  from  those  particles  that  are  deposited  on  exposed  tissue. 

The  Ingestion  of  radionuclide*  from  fallout  over  n  long  period  of  time, 
however,  becomes  the  predominant  hasard  after  a  period  of  time.  The  magni¬ 
tude  of  this  Internal  bastard  depend  ss  on  the  fftlluut'B  chemical  nature,  which 
uniquely  determines  both  th*  availability  of  the  radionuclides  for  Ingestion 
and  the  period  of  their  retention  In  living  tiaeue,  „ 


Ei»aluatlon  of  the  haeards  from  fallout  to  that  the  necessary  degree  of  — 
protection  from  the  nuclear  radiations  can  be  specified  requires  knowledge 
of  how  tho  nr  ionisation  rate  doorcases  with  time,  The  Integral,  or 
accumulated,  dose  Is  determined  from  a  curve  giving  the  variation  of  the  air 
Ionisation  rate  with  time,  and,  since  some  value  of  the  dose  Is  known  to 
produce  undesirable  htcilogieul  effects,  the  ratio  of  the  two  is  used  to  determine 
the  desired  protection  tartar  of  either  n  safety  pnnnarty  re  or  radiological 
tlofenso  countermeasure,  or  both. 


7 


!n  (i  minimi  r  tlHnrmtliin,  Ihn  llnulim  prnooHM  pwiduotiH  iilmul  00  on  - 
l»rntliMil  mil  as  ohillns,  (iiHlHlutlug  <tl  iibniif  'III  dlllnrnnl  nlnimmlH.  In  each  mass 
nhnlli  produced  In  Ihn  fission  nl  rissll*,  miitnrlnls  nm*  nr  more  riiillnnuctldes 
nrn  produced  These  pu  runt -daughter  pit  I  i*m  doeny  nnn  In  Ihn  fioxl  until  flnnlly 
a  single  stable  nuclide  In  formed.  The  decay  nf  I  htw  mixture  of  radionuclides 
cinn  Ixi  calculated  from  (a)  the  Initial  yield  nf  thn  nuclides  In  each  mass  o Im  1  n . 

(bj  the  halMIfe  of  each  nuclide,  and  (o)  the  abundance  of  the  gamma  ray*  pro* 
dunod  when  each  nuclide  decay*.  The  details  of  Hindi  calculations  am  these  are 
discussed  In  Chapter  8, 

In  a  nuclear  detonation,  the  Hanlon  products  arc  Initially  vaporlsedi 
they  condense  later  as  tho  fireball  cools,  of  the  approximately  40  elements 
present,  some  are  volatile  anti  not  usually  In. a  condensed  state  even  at 
ordinary  temperature*.  Borne  elements  are  refractory  and  condense  at  nigh 
temperatures.  The  remainder  condense  at  Intermediate  temperatures. 

Because  there  iriuchalarge  range  In  the  thermal  stability  of  tho 
condensates  nf  fhe  fission-product  radlonuolltles,  tho  normal  abundance  ratio* 
of  the  Has! on-product  radionuclides  In  fallout  are  altered,  ft  la  found  that, 
in  the  larger  fallout  particles,  the  relative  concentration  or  the  volatile 
radionuclides  (and  their  daughters)  is  low  and  that  the  oonoenlratlon  of  the 
more  refractory  radionuclide*  is  high.  Any  such  alteration  In  the  abundance 
ratios  of  the  fission  products,  relative  to  the  original  flpalon-yleld  abundance 
ratios,  la  called  fractionation.  In  moat  types  of  fallout,  the  fission-product 
radionuclides  are  found  to  be  fractionated, 

Neutron-Induced  activities  are  also  found  in  ralloul,  These  Induced 
activities  are  produced  by  neutron  capture  in  materials  present  in  the  weapon  | 

Itself  nnd  In  other  environmental  materials  at  Kiel  point  of  detonation,  Perhaps  j 

the  moai  important  of  the  induced  activities  are  those  produced  by  neutron  I 
capture  in  the  elements  of  thS  weapon's  oonslruollon  materials.  These  induced  f 
activities  result  from  neutron  activation  or  uranium ”83 8.  iron,  manganese,  L 
and  other  construction  materials,  In  soil  and  sea  water,  manganese  and  Sodium  / 
arc  perhaps  the  moat  likely  elements  to  be  neutron-activated  In  highest  /j 

abundenos,  ...  .. 

The  arose  decay  >  or  variation  in  air  lent  ration  rate  with  time ,  of  the  « 
nuclear  radiations  from  fallout  Is  the  sum  of  the  contributions  of  all  the 
radionuclides  present  In  the  radiation  source,  Thus,  to  spealfy  or  even  to 
estimate  the  gross  decay  rate  of  the  radioactivity  in  fallout,  both  .fractionation 

and  ntiutrnn-lndunnil  ■otiyiilen  must  be  considered, 
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I  ,(l  jThc  Htinuldl'd  InmiinUy  and  Contour  I'loix’riiPH 

Thu  term  standard  fnUmnlty  In  do  l  imn  I  horn  (in  the  ningnltudn  oil’  the  nil* 
Ionisation  rule  ill  llit'uo  foot  iiIhjvo  on  extended  open  (iron  covered  with  fallout, 
(jorreotwl  to  a  ntnUxI  t! mu  after  riotinatlnni  conventionally  thn  elated  time  In 
one  hpur.  Till*  referenco-tlme  originated  when  the  "nominal  "detonation  yield 
of  nurdenr  woupons  won  20  kllolons  <KT>,  and  when  dais  on  fallout  were 
available  only  for  small-yield  weapon*,  »lnoo  for  euoh  yield*  the  fallout  prooeaa 
wa*esisntlally  complete  by  one  hour  after  detonation,  at  leaat  In  arena  receiving 
significant  amounts  of  fallout.  Of  course,  the  heavy  deposition  of  fallout  from 
megaton  (MT)  yield  explosion*  I*  not  complete  even  after  several  hour*.  In 
suoh  oaaat,  the  observed  radiation  Intensity  at  one  hour  after  detonation  la  not 
the  lame  a*  that  calculated  from  a  measurement  of  the  Intonalty  after  the  fallout 
aoaaea  to  arrive  and  muat  be  decay-corrected  to  one  hour  after  detonBtlon, 

The  standard  intensity  vatuea  are  uaed  In  oonatruoting  chart*  of  areaa  on 
which  fallout  has  been  deposited.  A  chart  showing  a  fallout  jmHern  eonslsta  of 
a  aerie*  of  taolntenalty  contour*.  Thaae  contour*  are  not  ltnve  of  equal 
potential  haesrd  until  after  the  fallout  haa  ooaaed  to  arrive  at  the  fartheat  down¬ 
wind  location  on  a  given  contour.  The  oharte  are  very  useful,  however,  In 
evaluating  the  area-coverage  of  fallout  with  regard  to  both  the  potential  radiation 
haiisrd  and  the  kind*  of  protection  needed  to  reduce  that  liasard  to  a  dealred  level, 

The  determination  of  the  atandard  Intensities  requires  meaeuremente  of 
the  Intensity  ,  over  time,  at  a  eerie*  of  location*  during  and  after  the  fallout  le 
deposited,  and,  in  addition,  measurements  of  the  Ionisation  rate,  over  time, 
on  samples  oolisoted  when  the  fallout  first  start*  to  arrive,  A  heavily  shielded 
detector  la  required  for  the  latter,  However,  for  looationa  where  the  fillout 
aijrlval  time  is  greater  than  one  hour,  correcting  the  obtained  data  to  th» 
conventional  time  of  on*  hour  requires  a  dsosy-oor  section  factor  for  the  period 
between  the  time  of  the  first  measurement  and  the  atandard  time  of  one  hour, 
Measurements  of  the  intensity  over  areas  covered  with  fallout  particles,  the 
contaminated  areas,  have  been  made,  in  most  oamia,  with  portable  Ion  ohembere. 
The  accuracy  of  th*  meiiurameme  made  with  most  of  the  presently  available 
portable  instruments  la  not  very  high i  however,  If  the  Ion  chambers  are  kept 
In  excellent  repair,  are  carefully  handled,  and  ere  kept  calibrated,  accuracies 
-afabuut  20  percent  celt  be  obtained. 

The  Intensity  due  to  the  fallout  particle#  depend*  on  (a)  the  number  or 
mass  of  the  particles  deposited;  per  unit  surface  area,  and  (b)  the  specific 
activity ,  or  concent  rat  ton.  of  the  radionuclides  In  the  particles.  To  reduce?  the 
Intensity  of  the  falluut  from  a  land  detonation  by  intention,  either  the  pastioloa 
muat  be  moved  away  from  the  location  of  Interest  or  shielding  muat  be  pi  on  or  I 
between  the  particles  and  the  locinljon  of  Interoei, 


Moving  tho  pnrtloloa  efficiently  nnd  effect!  voly  requires  Homo  knowledge 
of  the  proportion  of  tho  purllclasi  nlno,  tho  removal  procedure  or  deoontaml- 
nation  method  muiit  bo  designed  to  remove  fallout  particles,  because  of  these 
requirements  on  tho  performance  of  decontamination  methods,  relationships 
nr<|  needed  among  (a)  the  man*  of  the  particles,  par  unit  area  (b)  their  a  pec  If  lo 
activity,  arsd  (c)  their  radiation  Intensity,  Such  relationship*  are  extremely 
useful,  beoauae  intenalty  measurements,  which  are  eaay  to  make,  can  then  be 
uaed  to  deduce  the  fallout  propertlea  that  influence  decontamination, 

TS$e«#  relationships  between  the  radiation  Intensity  and  the  related 
fallout  properties  are  celled  contour  ration  they  are  diieueaed  in  detail  in 
Ghapter  (3  The  valuta  of  thaao  ratio*,  and  the  mathematical  form  of  the 
relattonahips  among  theae  ratio*  and  the  other  parameter*,  depend  on  two 
major  factor*,  owe  ia  the  type  of  ohemioal  system  produced  under  the  given 
condition*  of  temperature,  pressure,  and  concentration*  of  various  constituent 
element*  in  the  flraball.  The  other  faetof  i*  tha  manner  in  whioh  tha  partiotaa 
become  distributed,  both  In  the  forming  cloud  and  in  their  fall  through  the 
atmosphere  back  to  earth. 

J'  •  "  -  \i  - 

Definition  of  the  ohemioal  ayatema  formed  in  theae  prooeaaee,  ae  well 
aa  of  the  ohemioal  ayatema  formed  when  the  fallout  particle*  contaminate 
surface*,  le  important  in  devtaing  appropriate  decontamination  procedures. 

To  be  useful,  auch  procedure*  muat  b#  designed  to  operate  on  any  ohemioal 
ayatema  that  contain  radioactive  aubatenoea. 
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Chapter  4 

FORMATION  OF  FALLOUT  PARTICLES 


3.1  Qeflgrttl.  Peilniiion  QLtheJ,J3££li? 

The  process  of  radioactive  fallout  formation  la  Initiated  whan  fissile 
material  undergoes  fission,  In  each  fission  event,  about  300  million  electron 
volts  (Mev)  of  energy  are  released!  also,  two  nuutron-rloh  radioactive  elements, 
or  particles,  plus  two  to  four  or  five  neutrons,  and  several  gamma  rays  are 
produced— If  the  resulting  two  particles  carried  all  the  released  energy  before 
colliding  with  another  atom,  the  average  initial  energy  would  oorreepond  to  a 
kinetic  temperature  of  about  lo11  degrees  Kelvin 

The  released  energy  is  initially  in  the  form  of  electromagnetic  and 
kinetic  energy  whose  immediate  and  rapid  transmiaalon  to  naarby  surrounding 
materials  causes  the  latter  to  vaporise  at  high  pressure,  Thus  when  many 
fission  events  occur  In  a  small  volume  in  a  short  period  of  time  a  high -pressure 
shook  wave  forma  and  a  nuoiaar  explosion  results.  \ 

The  two  flsston-produot  atoms  formed  from  a  hsavy-alamsnt  atom 
contain  more  neutrons  than  do  stabile  elements  having  the  same  atomic  mass, 
Therefore,  the  initial  fission-produot  atoms  progress  to  stability  by  emitting 
beta  partioles  and/or  neutrons,  This  beta  dooay  of  many  of  the  fisslon- 
produot  radionuclides  results  in  the  simultaneous  release  of  gamma  rays, 

Also  i  the  capture  of  neutrons  by  nearby  atoms  results  in  the'  release  of  gamma 
rays,  At  detonation,  therefore,  the  gamma  ray  pulse  includes  gamma  rays  \(  > 
from  (a)  the  fission  reaction  itself,  (b)  neutron  capture  by  elements  in  the 
surrounding  media,  and  <o>  the  decay  of  fission  products, 

In  the  sa-oalled  fusion,  or  thermonuclear,  weapons,  the  high  temperature 
created  by  the  fission  proosas  is  utilised  to  fuss  the  light  eleiniittf  such  as 
deuterium,  tritium,  and  lithium,  In  this  combining  of  tha  lighter  elements  to 
form  helium  or  other  heavier  nuclei,  additional  energy  end  neutrons  are 
released,  Such  neutrons,  having  higher  energies  than  those  produced  by  fission, 
are  able  to  cause  the  fission  of  urnntum-238  nr,  when  captured  by  the  nuolel  of 
other  elements  near  the  sxplosUi.io  cause  the  tatter  elements  to  become 
radioactive, 
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An  tho  thermal  nnrl  shrink  wnvus  Irnvul  outwnrri  from  the  detonation  point, 
Hut  mnlorlnls  onvoloperl  are  also  heated  to  high  temperatures!  crystal  bonds 
nrn  broken,  ohnmlaal  onmpmtmls  are  denorrtpmwd,  molecules  dissociate,  and 
atoms  hocoma  thermally  lonlr-ed.  The  result  Is  the  highly  luminous  mass  of 
gaseous  material  called  the  fireball. 

This  transfer  of  energy  by  the  shook  wave  and  radiant  processes  to  theee 
materials  and  to  other  substances  occurs  nt  the  expense  of  the  Initial  energy 
of  the  fission  fragments!  their  kinetlo  temperature  falls  extremely  fast,  by 
collision  with  other  atoms,  as  they  diffuse  outward  from  the  center  of  the  ex¬ 
plosion.  The  rate  at  which  the  energy  it  transferred  to  the  materials  being 
enveloped  by  the  expanding  fireball  alio  decreases  rapidly  ae  the  thermal 
exhange  proceeds,  and  as  the  temperature  of  the  materials  on  the  Interior  of  the 
gas  volume  decreases.  As  the  temperature  decrease*,  , positive  Ions  regain 
their  electrons  and  become  atoms,  atoms  reoombine  to  form  molecules, 
molecules  condense  to  form  liquid  droplets,  and,  finally,  when  the  temperature 
-  is  low  enough,  the  droplets  solidity,  , 

i‘  ....  "...  ... 

In  the  cooling  of  the  fireball  the  important  otage  in  the  formation  of  fall¬ 
out  begins  with  the  time  and  temperature  at  whioh  the  first  liquid  drope  form, 
This  formation  process  continues  until  after  the  msteriali  invblved  have  cooled 
to  about  the  temperature  of  the  surrounding  atr,  While  the  condensing  prooee* 
probably  never  aotuslly  oeases,  suoh  a  large  fraction  of  the  radioactive  and 
other  alementi  have  condensed  by  about  five  to  ten  minutes  after  detonation 
that  the  process  is  essentially  oomplete, 

Tho  highest  fireball  temperature  to  be  considered  in  the  formation  of 
fallout  Is  the  boiling  point  of  the  most  refractory  material  present  in  sufficient 
quantity  to  form  a  macroscopic  liquid  phase,  For  moat  material!  this  tem¬ 
perature  Is  between  8000  and  4000‘K, 

By  th§  time  the  fireball  temperature  cools  to  3000  or  4000%  It  has  risen 
some  height  into  the  atr  and,  for  nsar-surfaoo  bursts,  crater  materials  con¬ 
sisting  of  liquid  and/or  solid  soil  particles  have  sntsrsd  tha  fireball,  At  first 
some  of  these  are  melted  and  vaporised)  ae  the  gas  temperature  decreases, 
fewer  and  fewer  of  the  crater  material  particles  are  melted,  until  finally  those 
that  actually  reach  the  altitude  of  the  rising  cloud  are  only  slightly  warmed, 

The  melted  particles  dissolve,  aggregate,  and  occlude  the  smaller  vapor- 
condensed  particles  "formed  by  dlreot  vapor  condensation  even  before  the  maee 
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of  larger  particles  enters  tho  flrnbnll,*  Whulhor  molted  or  tiolld,  the  entering 
particles  present  an  cxirumoly  largo  amount  of  surface  area  upon  whloh  Urn 
gas  atoms*  or  mo lo union  can  condense, 

There  are  several  baste  characteristics  of  tho  fallout  formation  process 
in  the  developing  fireball,  The  first  is  that,  of  the  fission  products  alone,  about 
40  different  radioactive  elements  are  produced  In  a  given  yield,  or  order  of 
abundance,  that  remits  In  a  sat  of  partial  pressures  of  vaporised  speoioa  whoso 
values  are  Initially  ranked  In  the  same  order  as  the  abundance  values.  Tho 
second  characteristic  is  that  the  chemical  reactivity  and  the  equilibrium  vapor 
pressure  of  each  element  in  the  fireball  differ  from  these  of  tho  other  elements  i 
thus  the  fraction  of  each  element  In  a  condensed  state  at  a  given  temperature  is 
also  different  from  the  fractions  of  the  other  element*, 

The  third  characteristic  is  the  presence  of  inert  (nenradioaotlve)  sub¬ 
stances)  these  furnish  either  (a)  an  available  surface  area  that  the  dilute  vapors 
aan  condense  on  or  interact  with,  or  (b)  a  dense  vapor  that  condenses  to  form  a 
macroscopic  liquid  phase  with  which  the  less  abundant  radioactive  elements  can 
interaot,  The  role  of  the  condensation  process t  both  in  fallout  formation  and  In 
fractionation,  is  dlsoussad  in  detail  later  in  this  chapter,  Condensation  is  one 
of  ssveral  causes  of  observed  fraotlonstlon  in  fallout. 

An  example  of  tho  donee-vapor  condensation  process  Is  a,  detonation  on 
sea  water,  In  this  type  of  detonation  many  of  the  fission-product  elements 
condense,  along  with  the  bomb  casing  mater  in '.a  and  the  salts,  before  the  water 
does,  but  the  fission -product  element*  are  ooouluded  or  dissolved  by  the  water 
when  It  oondaneei,  Such  inert  materials,  that  serve  to  carry  the  radioactive 
elements  baelt  to  earth,  are  called  the  carrier  or  the  carrier  mute  rials, 

The  amount  of  each  radioactive  element  that  is  actually  found  in  fallout, 
relative  to  some  standard  of  measure,  depends  on  five  main  factors i 

1,  The  original  fission  yields,  that  is,  the  relative  abundance  of 
the  fission  products) 


*A  mors  complete  general  description  of  the  fireball  tnd  its  behavior  is  given 
In  The  Bffeots  of  Nuclear  Wgapons1  (deslgnatod  BNW  hereafter) ,  Certain  data 
from  that  volume  are  utilised  here)  generally  these  are  confined  to  Input 
Information  required  to  describe  the  fallout  formation  process,  Data  oh  the 
else,  temperature,  and  position  of  the  fireball  are  Important  in  estimating  Its 
energy  content,  and  in  establishing  an  appropriate  standard  reference  time  for 
estimating  fireball  parameters  far  different  nuclear  yields. 


ii,  The  capture  of  neutrons  by  the  fission  products  themselves; 

.’I,  The  degree  to  which  each  fission  product  condenses  Into  or 
onto  the  currier  particles ; 

4,  The  neutron  emissions  In  the  cieaay  chain i  and 

5,  The  radiochemical  standards  used  In  measuring  the  relative 
abundances  of  the  fission  products. 

The  relative  abundanoo  of  euoh  fission  product  slsment  originally  pro¬ 
duced  at  detonation  depends  on  the  fissile  materiel  usedi  1,9,,  whether  the 
materiel  Is  U-389,  U-83B,  Pu-338,  or  some  other  substanoe,  The  flsslon-ohaln 
yields  also  depend  on  the  energy  spectrum  of  the  Incident  neutrons, 

In  general,  In  the  change  of  energy  of  the  incident  neutrons,  the  fission 
yields  of  the  nuclides  in  the  lighter -mass  (A  *  90  to  100)  peak  tend  to  shift 
more  with  mass  number  than  do  those  In  the  heavier-mass  (A  *  131  to  144)  ' 
peak,  In  the  fission  of  the  heavier  fissile  elements,  the  center  of  ths  lighter - 
mess  group  movee  toward  the  higher -mass  numbers.  As  the  Incident-neutron 
energy  Increases,  ths  yields  of  the  mass  chains  that  appear  In  the  valley 
between  the  two  yield  peaks  rise,  arid  the  yields  of  the  higluiat-  and  lowest-mass 
numbers  also  risei  also,  the  neutron  yield  per  fission  lnorsssos,  This  Increase 
In  neutron  yield  per  fission  tends  to  spread  the  two  peaks  farther  apart  and, 
again,  the  lighter-mass  group  is  shifted  more  than  the  heavy -mass  group, 

Neutron  capture  by  the  fission -product  elements  results  in  a  general 
shift  of  the  whole  fission -yield  curve  to  the  higher-mass  numbers,  This 
causes  a  decrease  In  the  yield!  of  the  elements  of  both  mass  groups  that  have 
tp  smaller  mass  numbers  (ths  left  sides  of  ths  peaks),  and  an  increase  In  the 
yields  of  the  elements  of  both  mass  groups  that  have  larger  mass  numbers,  In 
the  yields  of  ths  elements  in  tha  peaks  relatively  little  change  results  except 
Hor  those  'elements  that  have  extremely  high  neutron -oapture  erose -sections, 
The  subject  is  not  disausstd  further  because  of  insufficient  data, 

During  the  decay  proooes,  neutron  tmiselon  results  in  a  product  nuollde 
that  has  a  masa  number  that  la  a  single  unit  less  than  its  parent,  This  chain 
"shift"  can  be  accounted  for  if  the  decay  scheme  of  the  radionuclide  la  known, 
For  many  of  the  short-lived  radionuclidei,  however,  there  le  Insufficient  data 
presently  available  for  giving  further  consideration  to  deoay  by  neutron  emis¬ 
sion, 

The  experimental  measure  of  fractionation  Is  most  often  givon  as  an 
"Ft"  factor,  or  "FI"  value,  that  Is  relative  to  the  fieeion  yields  in  the  thermal- 
neutron  fission  of  U-838  and  of  a  seleotcd  radionuclide,  The  moet  commonly 
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selected  radionuclide  for  comparison  Iw  Mo -HO .  However,  u  rntlhi  ohomleal 
itHHity  of  it  I'al lout  sample  that  gives  an  It  value  different  from  unity  iIooh  not 
necessarily  moan  that  the  miolldo  In  iptoMUon  Stan,  In  fnot,  boon  i'rnellnnnfort 
with  respect  to  Borne  other  nuclide  or  element.  Tho  trim  Initial  fission  yloldn 
mast  be  known,  both  to  oorrool  the  observed  assay  data  and  to  dotormlno 
whether  fractionation  has,  In  fuel,  occurred, 


2. »  Mtiia -Chain  Yields  fur  tho  Fission  of  u-aaB.  U.-BBB.,  and  flue'll) 

One  major  factor  thut  determines  the  amount  of  a  fission  product  that 
condenses  With  the  currier  up  to  a  given  time  anti  temperature  Is  tho  amount 
of  that  element  present  In  each  of  tho  masa  chains,  In  thle  Bootlon,  data  on  tho  ; 
flsslon-mss*  ylald#  nro  aummar inert,  and  estimates  of  undetermined  yrelcli 
are  presented,  so  that  calculation*  of  tho  fraction  of  the  fleelon  products  that 
condonsMo  form  fallout  may  be  mada,  | 

The  independent  yield#  or  all  radionuclide# ,  for  thermal  neutron  fl##ion 
of  U  >336,  have  been  oalouliUed  by  Bolle#  and  Ballou®,  according  to  tho  theories 
of  Independent  fission  yield#  of  aiendoniiv1  and  of  Present, 4  Tho  fractional  f 
chain  yields  from  those  calculation#,  for  time#  from  noro  to  tan  seconds,  are 
given  In  Tnblo  8,1,  for  ranis  «9|  and,  In  Table  8.3,  for  mas#  140,  Mach  chain 
oontnln#  a  t'iu'0  gn#  (Kr  (jnd  Xe)  element,  " 

Tho  two  mnse  chain#  selected  lie  on  the  outer  odgti  of  the  two  yield  peak#, 
in  oneh  case,  the  indopondont  yield  distribution  from  the  Mention  In  tlmory  Is  the 
broader,  and  tho  »hort=Hved,Jpwest='A,  elements  arc  tho  more  heavily  weighted, 
Thli  difference  diminishes  a#  the  ma##  number  approaches  tho  value  118, 

Tho  fractional  yield#  themselves  Indicate  what  might  Iw  expected  during 
condensation  with  respect  to  the  fractionation  of  itho  ohRln  mambor#,  For 
example,  if  only  the  rare  pi  member  I#  oonaidered,  the  maximum  low# 

(minimum  amount  condensed)  should  oomtrbatwaen  in  and  88  socomls  for  mass 
HU,  nccordlng  to  CHondonlni  for  pins#  wo,  ncoordjng  to  both  theories  of  yield, 
tho  function  not  condensed  should  doe  reaso  n#  thet'i  time  period  of  the  tiomlcn- 
satloa-ppaosss-lnersuses.  f  _  _  1 

Compututlonn!  rmllmalo#  of  the  Independent  nuclide  yields  hit vi*  not  yet 
Ihumi  made  for  fission  of  11-338  and  Pu=8!IP  with  flsslon'-spootrum  neutrons, 
nor  for  fission  of  U-2iis  with  ft- Me v  broad-hand  spectrum  neutrons i  the  latter 
would  be  more  applicable  tu  nuelour  ileloniitlons,  Moreover,  thu  mass  chain 
yields  lor  even  Pn-aiiu  and  U-2B8  I'IwkIoii  nro  not  vnti'y  well  known.  Available 
chain  yield  data  and  estimates  of  unmeasured  ylolrtnpirc  summarised  In 
Table  2,11  for  the  fission  of  U-ailf),  U-8UH  and  l»u-am;j,  The  bulk  of  tho  data  are 
taken  from  the  summary  by  Kutooliin  other  rofereneiits  are  Included  In  the  table, 
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Table  M.i! 


OllMtll.ATIVK  MAHH»C!IIA1N  YIHI f.UH  Ol1'  FINHION  I'UOMtltVI'H 
(VAI.UKH  ARK  IN  I’ttllCKNT  OF  FIHKIONH) 


n-aan 


Pn-uio 


Mass 

Number 

Thermal 

Neutron** 

Fission 

Neutrons 

Fission 

Neutrons 

fl-Mev 

Neutrons 

Thermal 

Neutrons 

Fission 

Neutrons 

78 

1,0x10  “n 

■■ 

4,0X10  "* 

9,0x10"" 

.  . 

R  " 

1,8x10“"* 

nr 

70 

1,1x10"* 

BTvrTmf 

8.8x10"" 

«** 

74 

(0,2x10"  V 

Uxio  ■" 

0,001 

nmuM 

70 

■UUilwl 

8,3X10"" 

0.0040 

7,0x10"" 

■ 

711 

0,0018 

0,0078 

77 

0,083 

0.00BB* 

' 

0,014 

0,0080 

KsH 

'  78 

0,081 

0,048 

0,0099 

0,080 

0,0040 

0.085 

VP 

(0,041) 

0,093 

0,019 

0,093 

0,0000 

0.043 

80 

(0,077) 

0,19 

0,049 

0,090  , 

0,010 

0.079 

81 

0,14 

0,81 

0,088 

0.18 

0,030 

0.14 

■i  m 

(0,80) 

0,90 

0,80 

0,35 

0,000 

0,89 

„  80 

‘>V 

0.044 

0,80 

0,40* 

0,00 

0.10 

0,07 

84 

1,00 

1,9 

0,89* 

1,08 

0,17 

as 

1.80 

1,89 

0,80 

1,49 

O.UO 

0,08 

80 

8,08 

8i9 

1,38* 

1,0 

0.40 

1,19 

87 

(3.04) 

9,9 

1,00  " 

8,85 

0,70 

1,9 

88 

(8,08) 

4,8 

8,49 

8,7 

1.3 

1,0 

80 

4,70 

0,1 

8,9* 

3,17 

1,0* 

8,4 

00 

0,77 

0,8 

3,8* 

3.7 

8.4 

3,0 

01 

9,84 

9,80 

3,0 

4,3 

3,0 

3,7 

0a 

0,011 

0,0 

4,1 

4,8 

3,7 

4,4 

6,40 

0,4 

4.S0 

9,8 

4,0 

5,0 

04  - 

0,40 

0,4 

5,3 

6,4ft 

n,D 

5,4 

00 

6,137 

0,9 

0,7* 

5,0 

0.0* 

0,0 

00 

0,80 

fl.fl 

Ji 

5,8 

5,7 

5,7 

5,3 

07 

0,00  _ 

n.i 

0.7 

5,84 

5,(1* 

5,3* 

01 

0.7B 

0,8 

5,7 

9,0 

5,4 

5,4 

00 

0,00 

0,1** 

0,0* 

0,3** 

5,0* 

5.0* 

100 

0.7 

6,1 

(1,4 

0,0 

(1,4 

101 

L5£- . J 

9,9 

5,5 

0,5 

(1,0 

5,0 

100 

101 


Table  8.0  (tinnilmiiHl) 


ri  IM  l 1 1 1  AT  IV  I'!  -  M  AMH  -( !  1 1  AIN  Y 1 11!  I  il  >H  OK  KINHION  i'UOlHIOTH 
(VAUH'IH  Alii'!  IN  PKIU1MNT  OK  KINNIONN) 


Main 

u-ann 

II-29B 

I'll- 

299 

Thermal 

KlMHion 

Klimlnn 

H^Mnv 

Thermal 

KlWjilnii 

Number 

Neutrons* 

Neutrons 

NoutremH 

Neutrons 

Neutrons 

Neutrons 

10a 

AA 

5,0 

k* 

5,9  . 

ion 

n,o 

1,7 

0.(1 

5,8* 

104 

1,8 

0,95 

5,4 

5,0 

9,5 

ion 

0,90 

0,54 

9,0 

2,2 

9,0* 

9,2 

joo 

0,(18 

0,90 

2,7* 

1,5 

5,0* 

9,0 

107 

0,19 

0,17 

1,55  v- 

1,0 

4,0 

9,1 

308 

(0.08(1) 

0,0011 

0.07 

0,70 

9,0 

2,(1 

(o.ono) 

0,0513*** 

0,99  + 

1,9* 

1,9* 

(0,090) 

0,0(10 

0,15 

o.nn 

0,0(1 

0,81 

111  1 

0,099*** 

0,07  II 

0,99  +  +  + 

0,94 

119 

(0.010)  ■ 

0,090*** 

0,046* 

0,10 

0,10* 

0,14* 

nn 

■  \ 

(0,019) 

0,018 

0,041) 

0,17 

0,000 

114 

(0,011) 

0,017 

0,041 

0,16 

0,0410 

0.075 

0,0104 

0,017*** 

0,040* 

0,15*** 

0,041* 

0,009+ 

nil 

IMB 

0,0(19 

0.14 

a 

0,090 

0,005 

"  117 

111 

(0,010) 

(0,010) 

0,017 

1,017 

o.ono 

0,040  h 

0,098 

mm" 

0,005 

mm" 

119 

(0,011) 

0.017 

0.041 

0,14 

0,099 

0,004 

190 

,  (0,011) 

,,,.0.018 

0,049 

0,15 

0,041 

0,005  '' 

191 

(0,019) 

0,090 

0,044 

0,10 

••  0.000 

(0,01(J) 

0,040 

0,17 

0,009 

19(1 

0,0(10 

0,050 

0,19 

■MEMi 

9,070 

484 

0,055 

0,90 

0,058 

0,089 

190 

0,091 

0,095 

0,078 

0,55 

0,079* 

0,14 

190 

(0,058) 

0,17 

0,175 

0,48 

0,175 

0,1)5 

197 

(0,145) 

0,(10 

0,1)9 

0,70 

0,119* 

0,80 

198 

0,(17 

0,54 

0,77 

1,0 

0,77 

1.9 

199 

0,90 

0,95 

1.45 

1,5 

1,45 

2,5 

mo 

9,0 

1,7 

2,5 

2.9 

2,5 

9,8 

m 

(9,88) 

2,9 

9,2 

9,8* 

9,8 

21 
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AIN  YINliON  OF  I'lNHION  I'HUIHKTH 
4  Pl'iHOUNT  OF  P188IONH) 


u-aiJB 

Pu- 

230 

•■■■  ^ 

P'iBRion 

Neutron* 

8-Muv 

Noutroni* 

Thermal 

Noutrons 

KlBBlon 

Neutrons 

4,7* 

■VMM 

0,0 

3.3  + 

n.a?* 

m  *  R 

0,00* 

0,0* 

.  H 

0.03* 

0,0* 

■ILI  H 

3.0(1* 

0,2 

0.B0 

0.84* 

0,4* 

0.4 

0,1) 

0,0 

0,4 

0,0 

5,7* 

0.8 

0,0 

0,00* 

0,0+ 

0,7 

0,0 

0,8* 

4,7 

0,7 

0,4 

0,00* 

4,0 

0,0 

4,07 

11,4*  - 

0,0 

4,0* 

4.1)** 

0,30* 

4,B 

0,7 

0,7 

4,34* 

4,4 

34 

3,17 

3.011* 

3,7 

2,0** 

2,7** 

8,03* 

3,0 

2,0 

2,27 

3.90* 

8,1)0 

1,40 

1,0** 

1,70 

1 ,  BO 

1.00 

1,40  '• 

1 ,3B* 

1,48 

0,74 

1,08 

1,00 

14(1 

0,00 

0,00 

0.834, 

0,08 

0,02 

0,41** 

0.08  \ 

o.oo 

0,(0 

0,80 

0,38* 

0,37 

041 

0,10 

0,80 

n.aii 

Tallin  2, '3  (oonaluderi) 


CUMULATIVE  MASS-CHAIN  YIELDS  OP  FISSION  PRODUCTS 
(VALUES  A  HE  IN  PERCENT  OF  FISSIONS) 


Number 

u-aaB 

_ 

U-8B8 

Pu-aao 

Thermal 

Neutron** 

Fission 
Neutrons  . 

Fission 

Neutrons 

8-Mev 

Neutrons 

Therm's 1 
Neutrons 

Elusion 

Neutrons 

156 

0.014 

0,085** 

0,006* 

0.088** 

0.18* 

0,14  { 

187 

0,0078 

0.012 

0,057 

0,064 

156 

0,008 

0,0068 

WwnWiml 

0,088 

0,084 

159 

0,00107 

0,0084** 

0,0080** 

0,017** 

0,080**** 

0,025 

160 

8,6x10^ 

0,0012 

EEMMR 

0.0085 

0,0088 

m 

7,6*10  "s 

4,a*io"‘** 

9,4x10  1 

0,0044** 

0,0038**** 

0,0051 

r 
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a,  Pnrentheaei  indioate  iittmatad  valuta  or  v/here  Katooff'a  valua  wta 
altered  in  ardor  to  adjust  the  yields  to  a  grsia  sum  of  100  in  eauh  peak,  ~ 

b,  Line  Indloatei  division  of  two  peaks  that  waa  used  lor  individual  peak  a  urn  a, 


Thu  yloki  curve  for  therm*  I  twulrnn  fission  of  U-88B  gives  wn  iivcrase 
viilutt  of  a.n  neutron*  par  liwslon.  For  fi w m I nrt m  neutron  flimjon  of 
u-a«8.  wti  average  value  of  8.1  neutron*  per  11**1  cm  in  obtainmi.  Thc*B  two 
values,  together  with  the  referenced  data  In  Table  2.8,  are  uant'l  to  derive  * 
act  of  stylised  yield  ourvei  for  the  flastlon -neutron  fission  of  U-8811  and  Pu“2ao 
and  Cor  the  8-M'ev  neutron  fission  of  U-8BB, 

In  each  case,  the  fission  by  fission  neutron*  la  assumed  to  yield  about 
3  neutrons  per  flMlon  and  the  8-Mev  fission  to  yield  4  neutron*  per  fission 
For  euuh  a  variation  with  neutron  energy  in  the  neutron  yield  per  i'i*elon, 
14-M#v  neutron  Italian  give*  about  4,5  neutron*  per  flaaion,  At  a  given  mass 
ohaln  yield,  the  inoroasa  in  the  neutron  energy  from  thermal  to  fission  - 
»peutru.m  energies  shifts  the  right  aide  of  the  heavy  "element  peak  to  the  henvlei 
iriimiee  by  about  a.  1/4-masi  unit,  Where  there  are  no  data  to  indloato  any 
possible  changes  in  the  fin# -structure  ehape  of  the  yield  curve  at  the  peak.,  the 
general  shapo  of  the  thermal  "neutron  yield  curve*  In  retained,  but  1*  adjusted 
in  height  «o  that  the  total  yield  in  each  peak  la  reasonably  near  100, 

The  large  discrepancy  between  Katooff'a  value*  and  those  given  by 
Bunney  (aee  Table  2,8)  in  the  rare  earth  yield#  for  thermal  "neutron  flailon  of 
Pu-isa  may  be  due  to  persistent  errors  in  the  oounter  calibration.  The  yield 
value*  given  by  Bunney  are  lower  by  a  factor  of  l.B  at  mm  number  144  and 
approach  Katooff'a  values  as  the  maaa  inoreaeaai  at  maaa  number  Iflfl, 

Bunney  's  value  la  only  about  20  percent  lower.  Katooff'a  value*  give  a  peak 
sum  nearer  100 1  therefore  ire  used  in  Table  8,8. 

Comparison  of  the  oumulatlve  ohaln  ylekla  at  the  two  peaks  (A  -  80  to  100 
and  A  -  181  to  144)  for  theee  types  of  fission  indicates  that  no  very  large 
differences  in  the  gross  decay  rate*  of  the  fission  products  from  the  three 
fissile  nuclides  should  be  expected.  The  mass -ohaln  yield*  for  .flaaion  •'neutron 
fisalon  of  Pu “289  appear  to  differ  moat  from  the  yield*  of  the  thermal  -neutron 
flaslon  of  U-288,  For  mi*«  numbers  such  as  140  and  88,  whose  radioisotopes 
may  contribute  more  than  80  percent  of  the  total  gamma  radiation  at  specific 
times  after  fission,  the  largest  difference  is  88  percent  for  mass  number  140 
and  11  percent  lor  mass  number  89,  The  yield  erf  maaa  number  80,  however  is 
significantly  lower  for  U-8II  (l-Mev  neutrons)  and  Pu-aafi  (fission  neutrons)  t 
the  difference*  are  88  and  41  percent,  respect lvely. 

The  yields  of  mass  number  187  arc  all  more  nearly  alike,  The  largest 
chain  yield  difference*  occur  between  the  peaks  and  the  yield*  that  appear  at 
the  highest  tmd  lowest  mass  numbers,  But,  even  Tor  U-30&  fission  (fi-Mev 
neutrons),  where  the  yields  of  the  mass  numbeir*  near  116  are  more  than  a 
factor  of  ten  larger  than  the  yield  for  U-2Sfi  I'leaion  (thermal  neutrons),  the 
contribution  of  these  "valley"  element*  Is  a  small  fraction  erf  the  total 
radioactivity  of  the  fission  product* 


To  line  the  mBBB  chain -yiolt!  value*  It)  uomputHtlonB  of  the  amount  of 
each  element  that  1m  oomlenMod  to  form  lull  out  and  In  aeloulaMng  the  gn'oee  de¬ 
cay  rate  ttl'  the  mixture  require*  stump  estimate  of  the  independent  yield  of 
each  chain  member,  Partly  for  convenience,  the  Independent  yield*  calculated 
by  Holloa  and  Hall  mi1,  tor  thermal-neutron  fission  of  11-885  arc  converted  to 
fractional  chain  yield*  so  that  they  may  be  applied  directly  to  all  the  cumulative 
maaa  -ohain  yields  for  each  type  of  (1m  Ion, 

Although  it  appears  that  Glandenin'e  symmetrical  charge -distribution 
curve  is  generally  applicable  ior  all  fissile  mtolidea  in  low  energy  neutron 
flaaion,  it  has  been  shown*  that  tha  most  probable  charge,  Z>,  (for  a  given  mass 
distribution)  shifts  toward  stability  with  increasing  neutron  energy.  That  is, 
the  higher  fractional  yields  appear  farther  to  the  right  (toward  a  higher  Z  . 
number)  in  any  decay  chain,  Pappas'  uaed  a  discontinuoud  function  tor  7m  and 
ooniidared  the  primary  fragments  before  neutron  boil -off  i  However,  Wahl*  has 
■hewn  empirically  that  the  SSL  function  in  thermal  flssien  of  U-18B  U  oontlnuoue 
as  was  originally  postulated  V  Glendenir  et  el,*  Herrington50  proposes  two 
ohargs -distribution  curves,  one  for  the  even -neutron  nuclidee  and  another, 
Showing  a  lower  yield,  for  the  odd -neutron  nuclides 

It  is  clear  that  there  Is  no  unequivocal  'Choice  among  methods  tor  esti¬ 
mating  the  independent  yield*  of  the  chain  member*,  even  tor  thermal-neutron 
flasion  of  U-lll,  For  the  Independent  yialda  of  higher -energy  flee  ion,  idle 
experimental  data  are  rarer  yet,  It  ia  therefore  aasumod  that  the  fractional 
independent  yields  tor  thermal  fission  of  U~B*B  oaloulated  by  Holies  and  Ballou 
on  OKtipadonin's  postulate  are  not  too  Inappropriate  for  any  kind  of  (lesion  with 
low  -energy  neutrons ,  When  more  date  become  available  on  toe  total  chain 
yields  and  on  the  independent  yields  tor  each  fissile  nuclide,  the,  indicated 
corrections  oan  be  naaily  applied  to  the  computations, 

the  total  -energy  .released  to  the  fission  process  can  be  calculated  by 
- -using  the  mass  packing -fraction  curves  ,  farfho  final  stable  nuclide  in  eaoh 
mass  -chain,,  tor  the  fissile  -nuclide  involved,  aud  for  the  fractional  mass -chain 
yields,  l^e’- oaloulated  energy  rslenees  are i 

IBB  Mev  per  fiaaion  tor  fission -neutron  U-8SB  flsaion, 

BOB :  Mev  per  fission  tor  »*Msv  neutron  fission  of  U -338 ,  and 

S0«  Mev  per  fission  for  fission -neutron  fission  of  Pu-BSB. 

By  use  of  the  value  1,1 6xlQ!B  oalorios  per  Wlotofi  of  TNT,  and  the  value 
8S87xlO'M  calorics  par  Mev,  toe  number  of  fiasions  that  release  the  same 
energy  a«  1  klloton  of  TNT  can  bo  obtained.  These  are 
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1  KT  »  1,44x10*“  fissions  <t) -aaii,  flMHion -neutron*) 

1  KT  »  1.41x10*“  fission*  fli-aiui,  H~Mnv  neutron*) 

1  KT  *  UIHxlO*fl  fissions  (I'u -is HD,  fission -neutron*). 

All  of  the  original  computation*  in  which  thin  number -of -fission*  con"’ 
vM'Bion  factor  1*  used  are  made  by  using  the  value  1.4BxlO*#  fission*  por  KT, 
without  reference  to  the  type  of  fissile  material  the  computation  applies  to,11 
The  excess  neutronc,  produced  by  the  fission  process  only,  arm  o,4b  mole* 
per  KT  for  11-886  (fission  neutrons),  0,47  mains  per  KT  for  11-888  (M»v- 
neutrons),  anti  0,48  mole*  per  KT  for  Pu-386  (fission  neutrons), 


The  energy  and  neutron  yields  that  are  possible  for  jam#  thermonunfaar 
rseotions  can  be  estimated  from  the  reaotloni  given  in  ENTW  (p,  18).  These 
include,  fttr  deuterium  combinations: 


ajMs  «  gHe5  +  n 

+  0  J  1H«V 

-SjM*  -  .H*  +  ,H° 

*  4,0  M*V 

,H*  +  ,H*  -  gHe*  +  0n> 

+  17  0  Mev 

and 

I’,  ‘  =  • ' 

jM1  ♦  0n‘  ■  jH8 

+*  8,8  Mev. 

The  sum  of  these  reaction*  i* 

|  •  '•••■'  """  :  ’  "  ' 

“i(:  4jH*  ■  tHe*  *■  gHe*  +  »n> 

«f  88.0  Mev, 

The  indicated  energy  release  is  0,80  KT  per  male  of  deuterium  molecules  i  the 
neutron  yield  is  1 ,7  wales  per  KT.  -  '-L  ■  - 

For  tile  tritium  reaction,  _ 

_  ..  ...  .  '*  _  .  _  ■  _ 

fljH*  -  tH»*  *  M1 

+  11  Mev. 

The  energy  release  far  this  motion  ie  0,88  KT  per  mole  of  tritium  molecules 
the  neutron  yield  is  1,4  molse  per  KT. 

Fur  the  combination  of  Hghl  (sltummUi,  ouch  tis  lithium  «nd  cluuU'Muw,  a 

ruuci  I;.'!!  WiSi'l! 

-1  jH"  *  gjlp"  H  tjti1  ■'  ID, 3  Mcv 

can  occur .  In  thin  reaction,  the;  energy  reieuaed  ,1s  U.lia  KT  per  mute  -of  tltiM- 
um  deuterlde,  with  it  neutron  yield  of  8.3  mete*  per KT,  ievrraf  .(rttter  reapMtm* 
dan  lw;  formulated  tor  the  I’uulwn  of  the**  light  element*:  *no>*1  mi  the  m  give 
reaction  nnergla*  in  the  range  <ni'  3  b  ip,  fifi  Mev,  and  neutron  yields  <mf  between 
nero  and  a  lor  each  reaction.  Thu*.  ier  the  energy -relea**  and  the  itwtftraH 
yield*  of  thermonuclear  react!  one,  b  reaaonafel*  aatimalc  sbem*  to  he  that 
about  0,3  KT  of  energy  per  -mole  of  reactant  1«  ftedeaped ,  anil  about M  ,#  mole* 
of  neutrons  per  KT  arc  produced. 

In  alt  thermonuc  lear  weapon*.,  the  total  yield  «f  the  oajsloaloti  da  the  *wm 
of  the  energy  relenaed  by  both  the  ftaalon  and  the  tartan  prooe**e» ,  However  , 
the  amount  of  radioactive  ft** ion  product*  produced  depend*  onay  ,on  itih*  in*- 
alon  yield ,  Thus,  In  ouneldtrlne  Miuui,  the  ratio  of  fdarton  to  Mad  yield  la 
an  'Important  quantity  i  the  oancrntraitoon  of  the  flanlon  product*  da  directly 
'proportional  to  the  ratio  of  the  fiaaion  yield  to  the  Mad  weapon  yield ,  For 
example ,  if  the  tieaion  and  tuition  yield*  of*  tthhwnonueiloar  waapon  are  equal], 
the  radiation  from  the  fdtlmn  wmdd  be  about  hailif 'that  -of  *  pure  sdartan  Weapon 
of  the  axm*  yield. 

The  number  of  nautron*  produoad  la  alee  of  interest  in  fallout.  ttno* 
all  the  neutron*  r«lea*«d  are  eapturad  'by  awn*  nearby  .atom,  a  oonatsltirable 
amount  of  additional  radioafitlvtty  may  reeutt  .  JM  may  be  notad  bhmt  lathe  ffia- 

^ _ rtntvnf  itL-aas  the  amount  sf  radiissdSlvs  flsrtcnrpreduei  -elcnsRts  produced  is 

0 ; 47  'inoloa/KT .  if  all  (if  the  axonw  neutron*  wore  -captured  by  ammo  eub* 
afcawie  to  produce  a.  rad  I  oacfil  V  e  iprodvcn,  the  total  Initial  radioactive  yMI 
would 'be  a  17  md!*a/KT.  In  the  aame  ettustion,  but  for  a  pure  thermanut^ear 
yield ,  the  neutron  aotlvitlona  alone  would  amawn  to 4,8  tttdna/KT ,  Thua,  in 
*  *en*e,  a  pure  thermonuclear,  nr  ao-oailiod  "'CJrtm;",  weapon  could  foeve  a 
radiological  oapshtllty  twice  that  of  a  pure  flarton  weapon. 

■But,  II  would  be  a  rare  occurrence  that  thli  capability  would  be  roailiaed , 
bouMUBf  many  of  the  naturally  occurring  elemanta  that  are  in  large  abundance 
(nuoh  ae  hydrogen,  all  loon,  oxygon,  and  itomlnum) nan  capture  neutron*  to 
produce  cither  another  irtaM*  nuclide  or  «  very  dherHllved  radlonucttflf .  Chi 
the  other  hand ,  If  a  thermonuclear  expieplon  took  .place  Whore  auch  -element* 
a*  stidltirn  (eirh)  nmnjiftiinie,  cobalt,  and  *o  on,  were  (lonoontratod  In  large 
quantities ,  the  radioactive  yield  of  thoao  elcmcnta  could  'bo  •expected  te 'be  fvlgfh , 
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IS  .S  'J  hf  Wrurtorc  awl  vorrmnmun  urjwiivMjijij  raljtgjj  Particles 


informatlrwi  m  the  structure  sod  composition  f  individual  fallout  |mr- 
ui'itf*  3«  oMatoefli  mainly  from  two  type*  of  observations;  (I)  petrographic 
•dadl  radiographic  analyses  of  thin  Motion*  of 'fallout  particles  arci  (2)  null- 
actoemtesl  and  chemical  analyses  of  fallout  part  idea.  The  results  or  analyses 
of  ato#l#  fallout  particles  cwilributc  more  to  the  understanding  of  the  fallout 
formation  process  than  any  uihsr  typo  of  analysis.  The  major  limitation  In 
SAM  .ahalyaott  of  aingia  nartiojap  f§  thSI  Ih*  m#tfeOdfi  fir#  not  fippliefib!*  to  th# 
*wiy  ®f  panic!©#  of  te*»  than  about  1 00  microns  In  diameter  (and  usually 
larger!  for  lib#  petrographic  methods,  and  of  particle#  with  leca  than  a  liven 
radioactive  ©ootoot  for  th#  radiochemical  methods,  The  pertinent  remit* 
fra®  the  petrographic  and  radiographic  studies  arc  aummarlied  here,  and  a 
deaortptioffl  of  the  asps  rl  mental  toehtoques  fellow#  the  summary. 


Particles  from  Operation  /angle  in  IMI  wore  analysed  by  Adama, 
fbpd,  and  Wallace1*  of  th#  (IJ,  Kami  Radiological  Detente  Laboratory 
(NIUH4  and  by  others,' The  naalta  of  testa#  analyse#  are  the  only  one* 
svstWsSe  m  fallout  from  a  detonation  on  the  surface  of  a  silicate  toll.  The 
parMcloa  studied  rangod  in  six#  from  500  to  10,000  micron#  tn  diameter  and 
were  rated**  m  t be  feiito  of  activity  content,  Tbu#  the  result*  apply  to  the 
M|W  and  moat  highly  rad  tommy#  of  the  fallout  partlclo#.  The  obmrveUon* 
were  made  on  thin  sections  about  40  micron#  thick  token  (rum  th#  central 
rafts*  «T  the  particles  (see  figure  S.l|. 

The  ftodtof#  ar#  mmmartaed  a#  follow#)  ■  - 

1-  to  tola  esttico,  almost  all  of  the  fallout  particle#  consisted 
terrafhwit  of  #■ transparent  gf*««  (t,*,,  •  te##d  iltteit#  ma#c). 
Many  oewmtmd  (nvnuii  of  wtowited  mineral  grains  and  air 
bobbies  laald#  to*  gtawi,  The  mineral  ?rata#  composed  psr- 
.5  —  ■  '  h*pa  *  few  perewtt  of  the  volume  of  a  particle  u«  she  bubble* 

or  void#  composed  something  lit#  two  to  four  time#  the 
volume  of  too  mineral  grata#,  tome  particles,  in  too  gla#« 
ybaer.  rozAaincd  neither  mineral  (mini  nor  air  babbles  and 
ns  radtowtivffy  wa#  found  to  she  uiiinelted  miiwral  grain#, 

2 .  Ifoat  of  too  mtoftral  grains  to  to#  gl##*  -particles  we™ . 

tew  email'  to  be  «t«Uy  M  ©suited  with  toe  pet  rographic 


28 


Flgurp  2.1 

THIN  SECTIONS  AND  RADIOGRAPHS  01*  SOME  FALLOUT  PARTICLES  PROM  A  SMALL»YIELD 
SURFACE  SHOT  AT  THE  NEVADA  TEST  SITE,  THE  PARTICLES  ARE  A  TRANSPARENT. 
QREEN-YELLOW  CLASS  RITH  THE  RADIOACTIVITY  DISTRIBUTED  MORE  OR  LESS 
UNIFORMLY  THROUGHOUT  THEIR  VOLUMES 


ao 


Thrum  I, hat  w«r«  largo  enough  wore  lilnntiflwl  hr 
quart*  or  foldRpnri  about  If,  percent  of  the  anil  at  tho  nhu! 
point  consisted  of  these  two  minora  la.  Most  of  the  groins 
worn  smaller  than  that  of  tho  nntlvo  Roll,  uppenrad  to  bo 
■battered ,  generally  gave  rto  nppearnnee  of  being  melted,  and 
generally  were  found  (mattered  at  random  throughout  the 
glass  phene, 

3,  A  fairly  large  fraction  of  the  particles  were  aphorlunl  or 
spheroidal;  sumo  wore  true  spite  roe  of  about  500  min  runs 
diameter,  The  amaller  of  the  particle  rIbcr  atudled  contained 
fewer  mineral  grain*  and  volda  than  the  larger  Irregular!, v- 
ahnpod  particles, 

4,  The  exterior  appearance  of  the  spherical  par  tie  lea  varied 
from  a.  transparent  yellow-green  color  to  a  light  brown  color, 
and  the  radioactivity  woe  distributed  more  or  leea  homo= 
geneouely  throughout  their  volume,  Many  of  the  aphnraa  had 
amaller  spheres  attaohed  or  partially  fuaed  to  their  eurfaoee, 

'  8.  The  exterior  appearance  of  the  irregular  particle*  wee  the 

aame  aa  that  of  the  native  aoil  mineral  grains,  but  in  the  glaaa 
phaae  the  radioactivity  wa»  diatrlbuted  in  an  irregular  manner 
throughout  the  irregular  partial*. 

The  study  indicated  that  tha  large  glaaa  partiolea  containing 
aifnlftoant  amounta  of  radioactivity  nould  not  have  been  formed  by  direct  vapor 
condensation  of  the  ailloats  glaaa.  Electron  micrograph*  of  fallout  collected 
on  air  Alien  revealed  the  presence  of  sphere*  having  diameters  of  the  order 
of  0.1  mieron,  Thaoretioal  calculations  such  aa  thoaa  of  Stewirt1*  on  the 
condensation  of  auoh  materials  ae  iron  and  fission  products  fin  *ir>  in  the 
cooling  fireball  give  particle  dlamatara  of  the  order  0,1  micron.  In  hia 
oaloulation,  ftewart,  assumed  a  fireball  containing  an  tons  of  Iron  in  a  radius 
of  800  feet  and  that  the  growth  of  the  partiolea  wai  a  combination  of  condensa¬ 
tion  and  coagulation,  itewart  obtained  a  modal  diameter  of  0,3  micron  for  the 
Iron  eaW*  partiolea,  "  - 

limple  kinetic  theory  equations  that  describe  the  growth  of  parti¬ 
cles  by  collision  processes  give  particle-diameter  values,  for  the  formation  of 
partiolea  of  a  given  also  in  the  vapor  oondsnaation  process,  that  range  from 
about  0.001  to  0,1  micron,  depending  on  various  assumed  vslues  of  the  initial 
ytper  density^  Thus  tho  small  spherical  particles -in  the  NHDL  study,  with 
diameter*  of  the  order  0,1  micron,  probably  resulted  from  direct  vapor  oon¬ 
dsnaation  plus  soma  growth  by  particle  impaction  in  the  liquid  state. 


no 


Thu  larger  spherical  particles  (containing  radioactivity  lull  very 
lew  or  no  mliiernl  gritliiH  it  ad  no  void  n  )  worn  most  likely  olthor  mlnornl  grains 
heated  Mi  temperatures  near  tho  I  Killing  point  ol  the  glass  ho  that  the  gins* 
lioonmo  vory  fluid,  or  worn  from  u  layer  ol’  liquid  sail,  ut  a  point  nearest  the 
initio!  fireball  gnous,  that  formad  particles  when  the  orator  material  wan 
violently  pul l«.l  upward  as  the  fireball  rose  In  the  air,  The  more  irregular 
partible*  canto Inina'  the  shattered  but  unmellad  mineral  grains  otmld  have  boon 
formed  by  the  violent  mixing  of  the  molten  glass  with  the  grains  of  soil  minerals 
that  were  originally  outside  the  melted  sane.  The  void*  alio  oauld  have  been 
produced  in  this  violent,  mixing  process,  as  well  as  by  the  partial  vaporisation 
of  volatile  constituents  in  the  melted  soil  that  was  not  sufficiently  hot  sntl  fluid 
to  permit  tho  escape  of  these  gases, 


M.»  im  Yield,  UndMEround  Shot,  BHlostc  Boll 

Psrtiolsa  from  s  lnw-ylsld  undarground  ghoi  W"fe  n!s«  examins^l 
by  Adams,  Poppoff,  end  Wall  sot.,  None  of  the  larger  particles  were  spherical, 
However,  lined  glass  spheres  In  the  smell  else  range  (less  than  100  microns 
in  diameter)  wer#  observed,  RuperfiolKlly  most  of  the  rsdiosotlvs  particles 
looked  like  the  original  soil  minerals  of  the  detonation  area,  They  were  usual¬ 
ly  a  light  brown  in  oolor,  and  opaque.  In  thin  seotlon  they  were  transparent 
and  colorless,  hod  the  glass  structure  found  for  the  surface -shot  fallout,  but 
oonialned  a  much  higher  concentration  cfunmeltsd  mineral  grains  and  voids, 


8,a.a  jiaiM 

Particles  available  for  analysis  from  detonations  of  large -yield 
weapons  on  the  eurfttce  of  land  areas  are  restricted  to  those  of  the  fallout 
produced  from  coral  atolls,  The  noral  reefs  are,  of  oouraii  Compoaed  largely 
of  attic  mm  carbonate  in  the  form  of  aragonite,”  The  finding!  of  c,  IS,  Adame, w 
from  analyiae  of  particles  obtained  from  the  Mike  IHot  of  Operation  ivy,  the 
firet  large  thermonuclear  detonation,  are  eummariaed  ae  followa! 

1,  The  partlolea  available  for  etudy  were  grains  of  a  ao’MI 
white  msterlal  whose  dlametere  range  from  about  U.m  j 
nil  cron  i  to  less  than  88  microns,  (Those  selected  for 
petrographic  and  radiographic  analyses  had  diameters 
between  about  7 HO  and  i,B00  microns,) 


a  The  principal  constituents,  as  determined  from  X-ray 
diffraction  patterns  of  powders  prepared  from  n  group 


of  particles,  were  tmlc'luni  carbonate,  in  both  the  enlcite 
and  aragonite  for  inn,  and  calcium  hydroxide,  Mud  turn 
chLurldo  and  magnesium  cntlde  worm  ttino  |M*ee«nt  but  the 
calcium  carbonate  and  hydroxide  compounds  worm  in  highest 
abundance,  Small  amount)*  of  calcium  'nitrate  worm  also  found 
on  the  exterior  of  some  partied  hi, 

H .  Moat  of  the  particles  were  composed  of  calcium  'hydroxide., 
with  a  surface  layer  of  calcium  carbons**  '«rf  <8he  naltdit* 
structure ,  The  thickness  of  the  surface  calcium  'carbonate 
layer,  on  particle*  exposed  to  the  open  air.,  increased  with 
time,  tTheae  parades  were  generally  angular  tin  shape, 

_  _  ’ _  "  ___  H 

A.  -  A  few  parti rlea  consisted  of  only  calcium  enrbonate  —  . 
'(aragoRtta  struoturu). 

B ,  ®he  radiograph*  >0$  the  rShfoi  ■■utiwii*  -of  the  particles  Showed 

than:  tha  radioaotirtty  waa  uaually  aonoentramd  in  a  band  osar 
(he  outer  aurtaoe  'Of  the  partial#  >(ae«  (Figure  8,81,  Mowsuar, 
a  eigntfiaant  fraction  of  the  .pamtdoa  'Studied  had  radleiaotivi'ty 
diatulbutetd  more  or  leaf  uniformly  throughwirt  their  vwlwimi# , 
ITheee  diotrfbutiona  were  not.  found  (to  he  related  to  the  <dbwnievail 
or  physical  structure  of  the  ipartielot, 

This  information  on  fallout  from  flotoiurttona  <on.  coral  waa  Inter 
added  to  i  analyses  were  made  of  particloa  collected  from  'tnhw  tharmonucleiw 
detonations  and  'by  'improved  aimpling  mutheda  and  coverage ,  A  general 
-dissuasion  of  Ml  tha  raauftte  was  given  %  Adams,  iFartew,  and  Itihefll  the 
finding  a  psminant  to  fallout  from  large  detonations  on  coral  wei 

__  !(  • 

I ,  tfftis  angular  particle#  found  pradimrimirttng  in  the  QpersWoh  j 
Ivy  Wtka  Khot  fallout  ware  always  dtoaarvad .  Varlstiona  in 
this  fanaral  type  -of  angular  particle*  included  some  particle* 
containing  a  core  of  unalterafl  nalotum  parbonote  and  <o0mrs 
With  many  small  reddish  ^orange  *te*itoittik  sphere*  'adhering 
to  the  particle  aurfaoo, 

"  8 ,  Occasionally,  unaltered  coral  particles  were  found  that  had 
email  black  apheree  attached  ic  their  surfacfta  '(see  (Figure 
3  ,4) ,  The  else  of  the  smnM  spheres  frnieraMy  iamged  doom 
subml  croiooplo  up  to  shout  40  microns  in  twamoter , 


FlfkW*  il 

?«3TS  5SOT3CW  MUD  RMMCXSRAMj  OF  AH  AmtULAR  FALLOUT  PaRTiCLE  FRyi s  A 
LA*OE>riEL0  SURFACE  SHOT  AT  TNf  s*i»FTOK  FROWN*  OMUMOk'  mil  F  ARTICLE 
US  OCMFOffO  ALMOST  ENTIRELY  OF  CALCIUM  HYDROXIDE  WITH  A  THIN  OUTER  LAYER 
Of  CALCIUM  CARBONATE?  THE  RADIOACTIVITY  HAS  COLLECTED  ON  THE  SURFACE 
AND  HAS  O^rtfcD  A  SHORT  pISTANCB  IHTO  THE  R ARTICLE 


flfur*  2.4 

SECTION  OP  A  FALLOUT  PARTICLE  PROW  A  LARGE*YieLB  SURFACE  SHOT  AT  THE 
INIW1TOK  PROVING  GROUND.  THE  SMALL,  BLACK,, RADIOACTIVE  SPHERE!  SHOWN 
ADHERING  TO  THE  SURE  ACE  OF  A  CORAL  SAND  GRAIN  ARE  FORMED  BY  VAPOR • 
CONDENSATION,  WITH  SUBSEQUENT  GROWTH  BY  COAGULATION,  OF  MATERIALS 

vaporized  in  the  fireball  / 


3.  Ths  (Itiril  Konoi'u i  type  o|  piiriiciw  found  wbb  *pherlonl;  it  was 
mmipuaed  of  calcium  oxide  that,  by  (lit)  time  of  nnniyili, 

hntl  partially  hydrated  to  calcium  hydroxide.  The  aurfaue 
wa»  covered  with  a  thin  layer  of  calcium  carbonate  In  the 
calotte  form.  In  theae  spherical  forma  (ha  radioactivity 
waa  usually  distribute;!  more  or  leas  uniformly  throughout 
the  parti#!*  (see  Figure  2,5). 

4.  The  fourth  general  type  of  perUoie  found  waa  a  vary  fragile 
fluffy  particle  atmllar  to  a  snow-flake.  (Moat  of  theae 
apparently  broke  easily,  either  on  landing  in  the  collector* 
or  In  the  handling  and  shipping  of  the  sample*, ) 

The  angular  particles,  the  ones  having  the  Irregular  shape  of 
fractured  acral  gralna,  must  have  been  heated  to  temperature*  Higher  than  BOO 
to  eotTC,  einoe  this  range  of  tsmparahirea  decarbonates  the  calcium  carbonate, 
However,  the  angular  particles  did  not  reach  the  temperature  of  2990*0  re¬ 
quired  to  melt  the  calcium  oxide,  The  mlorcporou*  calcium  oxide  was  hydrated 
by  atmospheric  water  after  It  cooled  and  during  Its  fall  to  the  earth.  The 
calcium  carbonate  layer  in  the  osloite  form  must  Have  been  formed  from  the 
carbon  dioxide  of  the  atmosphere  after  the  particle  had  cooled,  since  oalolte 
It  the  stable  structure  formed  by  this  reaction  at  temperaturea  lean  than  9(FC. 

The  imall  orangfe-red-to-blaok  apharea  were  vapor-oondented 
partielea  consisting  of  a  mixture  of  calcium,  iron,  and  Neaton-produced  oxides, 
\  Since  It  waa  later  found  that  a  large  fraction  of  the  activity  waa  In  ionic  form 
V  and  could  bo  laaehedfrom  the  angular  partielea  lacking  the  apharea  on  Utelr 
■urfaoee,  it  Is  likely  that  theae  radioactive  flatten  products  wore  present  In 
molecular  or  ionic  form  in  the  structure  of  the  particle.  The  band  of  activity 
around  the  edge  of  the  particle  indicates  that  some  Inward  diffusion  must  have 
—  occurred. 


The  small  particles  on  the  surfaces  of  the  larger  ones,  however,  did 
not  lose  activity  by  diffusion,  Hence  .  acme  of  the  activity  in  these  Irregular 
particles  must  have  been  collected  by  the  vapor  oondenaatton  of  fission  "product 
elements  in  their  molecular  form  and  tome  from  oolllalona  with  vapor- 
condensed  solid  (or  liquid)  partielea  ranging  from  molecular  alia  to  10  microns 
In  diameter,  The  solid  calcium  oxide,  in  the  presence  of  carbon  dioxide,  can 
exist  between  900*C  and  2590*0,  and  many  of  the  fiiaion-produot  cxldoi  can 
oondenae  from  a  vapor  phaae  in  this  i*mp*r*tur*  r*nM  The  iron  for 
production  of  the  vapor -condsnaed  apharea,  came  from  the  structure*  around 
the  teal  device,  and  the  calcium  oxide  from  the  vaporised  coral  at  shot  point, 
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Fiauf*  2.5 

THIN  SECTION  AND  RADIOGRAPH  OF  A  SPHERICAL  FALLOUT  PARTICLE  FROM  A 
LAROE-YIELD  SURFACE  SHOT  AT  THE  6NIWETOK  PROVING  GROUND.  THIS  PARTICLE 
IS  COMPOSED  ALMOST  ENTIRELY  OF  CALCIUM  OXIDE  WITH  A  THIN  SURFACE  LAYER 
OF  CALCIUM  HYDROXIDE  AND  CALCIUM  CARBONATE.  THE  RADiOACTlViTY  1$ 
DISTRIBUTED  MORE  OR  LESS  UNIFORMLY  THROUGHOUT  THE  VOLUME  OF  THE  PARTICLE 
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The  spherical  particles  were  formed  from  cowl  particles  heated  to 
temperature*  between  25t)0*C,  the  melting;  point  of  calcium  oxide,  and  about 
3600*0,  Its  lulling  point  (in  the  presence  of  about  one  atmosphere  of  oxygen), 
Since  this  temperature  range  is  not  large  and  would  be  of  snort  duration, 
spherical  particles  were  neither  formed  nor  found  In  great  abundance  or  In  large 
else  ranges  In  ooral  fallout.  Also,  melting  would  destroy  the  porous  structure 
of  the  calcium  oxide,  «o  that  the  hydration  process  ,-ould  be  much  slower,  hence 
In  these  apherloal  coral  partioles  a  largt  fraction  of  the  oxide  would  not  be 
converted  to  hydroxide  until  after  a  long  exposure  to  humid  atmospheric 
conditions, 

Hydration  of  the  fused  oalolum  oxide  Involves  an  inoroaee  by  a 
factor  of  2  in  the  volume  of  the  solid,  resulting  in  a  rupture  of  the  crystal  to  the 
crumbly,  fluffy  structure,  Hence  the  fragile  fluffy  particles  may  have  formed 
from  small  vapor-oondenaed  calcium  oxide  partioles  that  hydrated  ae  they  fell 
and  agglomerated  with  other  similar  partiolsn,  Boms  of  these  partioles  may 
have  biih  formed  from  larger  miHad  pertlnlae  that  collided  with  water  drape 
In  (heir  fall  and  thus  completely  hydrated  to  the  obeerved  structure. 


3,8,4  Tower  Shot,  IHloate  Boll 

Pallout  particles  from  tower  shots  over  both  ooral  and  silicate  Soils 
have  been  collected  and  analysed .  The  results  of  analyses  on  partioles  from  a 
towsr  detonation  over  stlloftte  sail*  by  C.E,  Adame  and  J.P,  Wittman80  are 
summarised  as  follows i 

ir  Ins  par  no  Is  siss  usee  in  tits  study  rangtd  from  140  to  1760 
mlorons  In  dlsmstsr.  Most  of  the  particles  were  brown  -  to¬ 
tal  aok  spheres  or  spheroids,  taut  some  were  Irregulsr  In 
shape  (see  Figure  3.6).  Moat  of  them  were  magnetic,  The 
surfnr  luitsr  wee  between  dull  metslllo  and  a  bTiiliint 
gloss.  Their  measured  densities  were  between  1,4  and 
3,8  gm /cm* ,  Many  of  ths  psrtiolsa  had  smaller  spheres 
fused  onto  their  .surfaces,  _  -  : — 

3,  In  thin  section  ths  central  oore  of  the  particles  was  trans¬ 
parent  glass  with  s  color  ranging  from  light  brown  to 
colorless  (see  Figure  8.7),  The  oore  was  surrounded  by  an 
irregular  thickness  of  dark  brown  (or  black)  opaque  glass. 

3.  The  glass  occasionally  had  flow  lines  and  In  many  oases  a 
fairly  large  number  of  voids;  the  latter  were  responsible  for 
the  extreme  variation  In  the  observed  densities.  A  few 
mineral  grains  were  observed  In  the  glass  matrix, 

ns 


Figure  3.6 

TWO  FALLOUT  PARTICLES  FROM  A  TOWER  SHOT  At  THE  NEVADA  TEST  SITE.  THE 
PARTICLE  ON  THE  LEFT  IS  A  PERFECT  SPHERE  WITH  A  HIGHLY  GLOSSY  SURFACE) 
THE  ONI  ON  THE  RIGHT  HAS  MANY  PARTIALLY-ASSIMILATED  SMALLER  EFHIRIS 
ATTACHED  TO  ITS  SURFACE.  BOTH  PARTICLES  A:RE  BLACK  ANDMAQNETIC  AND 
HAVE  A  SUPERFICIAL  METALLIC  APPEARANCE.  THE  INTERIOR  STRUCTURE  OP 
THIS  TYPE  OF  PARTICLE  IS  SHOWN  IN  FIGURE  2.7 
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4.  The  radiograiha  showed  (hat  the  radiueciiviiy  was  uwuniiy 
more  highly  eancent.rntori  In  the  opaque  gift**  ground  (ho 
nor*.  In  »trn?»  particle*  the  cure  ws#  Inactive;  In  other* 
th*  radioactivity  wa*  distributed  in  a  more  or  lean  random 
manner  throughout  the  particle. 

The  strong  magnetic  property  of  these  particles  watt  due  to  the  Iron 
oxide  (opaque)  glass  around  the  central  core,  The  smaiier  particle*  tended  to 
be  more  opaque  throughout  their  volumes;  J*. ,  without  the  transparent  Central 
oore,  The  amount  of  Tran  oxide  gla«a  varied  somewhat  with  weapon  yield  and 
with  the  tower'*  else  or  mass:  the  heavier  tower  typei  resulted  in  particle* 
containing  a*  much  ae  an  average  of  4  percent  iron  by  weight. 


aj.a  tssmMskSsx^m 

The  reaulte  of  analyte*  of  particle*  from  u  tower  detonation  over 
coral  soil*  by  C.E.  Adam*  and  J.D.  O'Connor®  are  summarised  aa  follow*; 

l.v.  Three  general  type*  of  radioactive  particle*  were  found, 

8.  The  most  abundant  type  wa*  dull  black,  *ph*toldal,  weakly 
magnetic,  and  cracked  and  veined  with  white  crystalline 
material.  The  slues  analysed  had  diameters  from  about 
400  to  1000  microns.  The  thin  ssotion*  (sea  Figure  2, ft) 
showed  that  these  particle*  had  a  central  core— originally 
—  calcium  oxide  hut  partially  oonvsrted  to  calcium  hydroxide 
and  calcium  carbonate  by  the  time  of  sectioning—  that  was 
surrounded  by  a  thick  layer  of  black  opaque  material 
identified  aa  dlotlelum  ferrite  (iCsO-FefOt).  The  white 

_  _ materia!  In  the  veins  wa>  found  to  be  •  mixture  of  calotte 

and  vaterite,  the  two  low*t»mparatur*  crystal  forms  of 
calcium  carbonate,  The  radioactivity  was  always  non- 
-  __  cent  rated  In  the  dloatolum  ferrite  phase 

4.  Tbs  second  moat  abundant  type  wa*  •  magnetic  black 
spherics]  particle  with  a  glossy  iuster.  The  particles 
In  the  sampiet  analysed  were  between  a  Ac  and  40U  micron* 
in  dismetor,  and  wore  composed  mostly  of  magnetite 
( FejO« )  along  with  aom*  hematite  (F*i  O, ) .  The  radio¬ 
activity  was  found  to  be  more  or  lesa  uniformly  distributed 
throughout  the  particle  volume  (see  Figure  2.8), 

4.  Tht  third  type,  not  very  abundant,  waa  white  and  Irregular  In 
shape  and  looked  much  tike  grains  of  the  original  eond.  The 
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thin  seotiooA  xlvivt-d  these  pa rlioltnn  to  Ik»  oompnaml  either  of 
unaltered  coral  or  of  calcium  hydroxide  with  a  thin  coating 
of  calcium  curhonnto.  Many  amall  black  sphere*  with 
diameters  about  10  mlorona  nr  lose  were  found  attached  to 
lh«  aurfaoe  of  (base  least  abundant  particle*.  The  radloi 
activity,  a*  ahown  by  radiograph*,  waa  concentrated  In  the«e 
attached  email  black  sphere*. 

The  mat  fibundsist  type  of  particles  contained  dtcaletum  fc-rrlte; 

theae  could  only  have  been  formed  either  by  the  reaction  between  liquid  calcium 
oxide  particles  and  iron  vapor  In  the  preaenoe  of  oxygen  or  by  the  Impaction 
and  aolutlon  of  email  drops  of  liquid  Iron  oxide  to  form  the  dioaioium  ferrite. 

Since  the  oaiolum  oxide  has  a  two -fold  volume  Increase  on  hydration  to  the 
hydroxide,  the  vein*  must  have  formed  after  the  parttolea  solidified  under 
Internal  pressure  resulting  from  the  hydration  of  the  Inner  bore  of  oaiolum 
oxide.  In  title  prooeaa,  eome  of  the  hydroxide  apparently  diffused  Into  the 
flsfiurefi  where  it  wae  carbonated  by  atmoephorio  carbon  dioxide. 

;;  The  eeoond  molt  abundant  type,  the  iron  oxide  particles,  ware 
probably  formed  during  the  cooling  of  the  fireball  by  the  oxidation  of  liquid  Iron 
drop*  (from  the  eteel  tower).  Both  the  vaporised  Iron  and  some  of  the  fission 
product  elements  apparently  condensed  more  or  lean  simultaneously  to  form 
these  psrtloleei  apparently  they  solidified  without  colliding  with  molten  oaiolum 
oxide  partiolee. 

since  the  melting  temperature  of  magnetite  Is  J800*C  and  that  of  the 
calcium  oxide  la  SMtf  C.  the  two  would  not  h*  present  in  liquid  form  In  ...the 
temperature  range  1400*0  to  86MC,  In  fact,  the  mora  stable  liquid  iron  oxide  1 
(in  the  preaenoe  of  about  on*  atmosphere  of  oxygen  at  tomperaturss  above  the 
melting  polut)  la  FaOi  under  theaa  oondltlona,  Its  boiling  point  le  about  0300*0. 
Thus  the  temperature  range  over  which  both  liquid  eslctum  oxide  and  Iron  sslds 
may  axlat  la  batwaen  about  1400*0  and  8900*0,  The  Iron  came  from  tha  towtr. 

It  waa  located  nearer  to  the  center  of  the  detonation  than  the  oaiolum  oxide  that 
waa  originally  coral  a*  the  beet  of  the  tower  the  presence  or  the  pure  Iran  oxide 
partiolee  Indicates  that  tha  two  material!  did  not  mix  homogeneously  In  the 
fireball  by  tto  time  It  cooled  to  8400*C,  The  absence  of  oaiolum  in  the  parttolea 
also  indicate*  that  the  amount  of  oaiolum  oxide  vaporised  waa  vary  small. 


The  third  type  of  particle  waa  apparently  formed  by  collliioni  between 
the  email  vapor-condensed  iron  oxide  parttolea  and  grains  of  coral  not  heatad 
to  aaatre,  Thus  these  least-abundant  parttolea  must  have  formed  at  later  times 
than  the  other  two  types.  The  fact  that  the  email  attached  particles  were  m 
large  as  10  microns  Indicates  that  the  initial  vapor  condensation  prooeaa 
continued  long  enough  to  permit  considerable  coagulation, 
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Plaure  5,|  . 

THIN  SECTION  AND  RADIOGRAPH  OP  A  FALLOUT  PARTICLE  FROM  A  MODesATi-rliLD 
-TOWER  IHOT-AT  TH8  INIWfiTOK  PROVING  GROUND,  THE  GRAY  CENTRAL  AREA  AND 
VEINS  ARE  REMNANT*  OF  THE  ORIGINAL  INACTIVE  MIL  TED  CALCIUM  OXIDE  "ARTICLE, 
THE  DARK  AREA*  ARE  THE  DICALCIUM  FERRITE  IN  WHICH  THE  RADIOACTIVITY  IS 
CONCENTRATED 
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THIN  SECTION  AND  RADIOGRAPH  OP  A  FALLOUT  PARTICLE  FROM  A  MODERATE-YIELD 
TOWER  SHOT  AT  THE  ENIWETOK  PROVING  OROUND,  THIS  PARTICLE  IS  COMPOSED 
ENTIRELY  DP  MAGNETITE  AND  THE  RADIOACTIVITY  IS  DISTRIBUTED  UNIFORMLY 
THROUGHOUT  ITS  VOLUME 
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That  the  pure  Iron  oxide  particle*  were  not  observed  In  the  IXlloul 
from  tower  *hot*  over  silicate  mill  doc*  not  prove  their  nonexistence,  but  tlmt , 
if  produced,  their  abundance  in  the  fallout  wa*  very  low,  Thin  I*  besl  explained 
by  the  fact  that  the  glass  from  silicate  mineral*  can  exiet  in  a  liquid  (i,*,,  fluid) 
■tat*  at  temperatures  even  lower  than  thoae  at  which  the  pur*  iron  oxide 
solidifies.  Thil  would  permit  more  time  for  mixing  in  the  fireball  and  for 
coagulation  of  the  liquid  dropa  of  Iron  oxide  and  the  ailioat*  mineral*.  Since 
many  of  the  silicate  glass  particles  had  small  spheres  attaohed  or  fueed  onto 
their  surfaces,  the  prooeis  of  coagulation  must  have  continued  until  the  surface 
of  the  particles  wae  vary  Viacom, 

Weapon  yield ,  the  height  and  man  of  the  tower,  and  the  boiling 
temperature*  of  the  various  substances  are  aii  factors  in  determining  whether 
ground -surface  material*  are  vaporised,  and,  if  they  are  vaporised,  in  deter¬ 
mining  the  quantities  that  enter  the  fireball  in  vapor  form.  Most  of  the  fallout 
partiolee  from  tower  shots  are  undoubtedly  derived  from  grains  of  original  soil. 
However,  in  one  or  two  oases,  where  the  eurfaee  soli  contained  an  appreciable 
amount  of  substances  that  malt  at  low  temperature*,  atioh  aa  aodium  carbonate, 
that  could  aot  at  a  fluxing  agent,  evidence  of  liquid  puddling  on  the  surface  of 
the  soil  under  the  tower  was  observed.  -  _  . 


a, 8, 8  Surface  Shot.  Ocean  (Hi  Water)  s 

Only  a  few  fallout  partiolee  or  liquid  drop*  from  datamations  on  or 
near  the  surface  of  the  ocean  have  been  analysed,  mainly  due  to  the  foot  that 
speaial  analytical  teohnlquos  not  available  early  in  the  weapons  test  series  had 
to  be  developed,  However,  apecial  reagent  fllma  developed  by  Farlow45  for 
analysing  liquid  drops  wars  used  on  a  few  oolleotad  samples  (aee  Figure  1,10), 
The  partiolee  *  oolleotad  at  a  single  location  from  a  datamation  on  a  barge 
anchored  in  the  lagoon  at  Bikini  Atoll,  consisted  of  a  saturated  solution  of  sea 
water  salts,  some  suspended  crystals  of  sodium  ohlorids,  and  aom*  insoluble 
solids, 

‘  ’  . il  . 

Moat  oi  the  ineoluble  solid  materials  ware  found  to  be  agglomerates 
of  small  reddish-orsngs^to-blaek  spheres,  Boms  of  these  were  as  large  as  80 
miorons  in  diameter  (sea  Figure  8,!1),  From  their  X-ray  diffraction  pattam, 
tha  spheres  were  identified  as  being  composed  of  dioalclum  ferrite,  In  these 
parti ou Ur  samples,  only  about  IB  percent  of  the  activity  diffused  into  the 
reagent  ftlmsi  the  remainder  was  assooisted  with  the  solids,  Tha  iron  came 
from  the  large  eteei  barge  and  the  calcium  cam*  from  the  oorai  sand  used  as 
ballast  in  the  barge, 
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PHOTOMICROGRAPH  OP  A  PICHROMATI  REASBNT  FILM  OP  AN  INDIVIDUAL  LIQUID 
FALLOUT  PARTICLE  FROM  A  LARGE-YIELD  3ARGE  SHOT  AT  THE  ENiWETOR  PROVING 
GROUND,  THE  ISLUIU  CHLORIDE  IN  THE  DROP  HAS  REACTED  WITH  THE  REAGENT 
FILM,  FORMING  A  WHITE  CIRCULAR  AREA  INDICATING  THE  AMOUNT  OF  CHLORIDE  IN 
THE  DROP,  THE  AREA  OP  THE  CENTRAL  ELLIPTICAL  TRACE  COVERED  »Y  IMALL 
SOLID  PARTICLES  IS  A  MEASURE  OP  THI  WATER  CONTENT  OP  THE  DROP,  THE 
SOLIDS  IN  THE  CENTER  ARE  SMALL  SPHERES  FORMED  BY  THE  CONDENSATION  OP 
THE  VAPORIZED  EARQB  AND  BALLAST  MATERIALS  •  \ 


Flour*  2,1 1 

ELECTRQNMICROGRAPH  OF  THE  RADIOACTIVE  SOLIDS  IN  THE  LIQUID  FALLOUT 
PARTICLES  FROM  A  LARGE-YIELD  BARGE  SHOT  AT  THE  CNIWCTOK  PROVING  GROUND, 

THIS  AGGLOMERATION  OF  VERY  SMALL  SPHERES,  EACH  FORMED  FROM  THE 
CONDENSATION  OF  THE  VAPORIZED  SARBE  AMP  •  ALL  ATT  MATERIALS,  IS  COMPOSED 
LARGELY  OF  DICALCIUM  FERRITE 


For  these  idom  water  fallout  particles.  the  association  of  the  results 
of  llws  analyses  with  possible  high-lew  perature  reactions  Is  not  quite  ns 
eiraighltforwarii  as  for  the  nampletoly  solid  particles  from  the  other  types  of 
■detonations.  lleoaMee  of  the  presence  of  water,  the  droplet  or  particle  ran 
change  ip  sire.  Perhaps  changes  In  the  relative  amounts  of  varloua  chemical 
constituents  also  occur  during  the  fall  of  the  droplet  through  the  atmosphere. 
Thsae  changes  are  due  to  evaporation  of  wafer  In  the  drop  or  to  the  condensation 
of  atmospheric  water  vapor,  as  well  as  to  a  continual  prooeaa  of  accretion  of 
neighboring  particles, 


Certainly  .a  large  amount  of  sea  water  would  be  vaporised  Initaily 
along  with  the  fission  -product  elements  and  the  solid  material  a  of  the  bomb 
structure  fwdudtog  the  barge  and  ballast  to  the  tost  shots!,  The  Iron  and 
calcium  oxide  vapors  condense,  to  tom  the  am  all  calcium  ferrite  particles,  in 
much  the  same  way  as  was  observed,  In  the  fallout  from  the  coral  surface  and 
tower  detonations,  These  oxides  end  some  of  the  more,  refractory  fission- 
fl»4wt  «kMss  would  ««<«!#•  Wept,  ft  die  higher  lamjieraiuree.  The  next 
eubstanoes  to  condense  are  the  sodium  chloride  and  the  leas  refractory  fission 
products  (oxides,  hydroxides,  or  chlorides),  And  finally,  at  temperatures 
around  ICWC,  the  water  vapor  condenses.  It  Is  likely  that  the  first  particles  to 
be  formed  serve  as  nuclei  or  surfaces  upon  which  the  remaining  vapor  condenses, 
si  though  this  may  not  be  the  only  process  involved.  The  same  final  particle  could 
be  formed  by  separate  condensation  of  the  "Various  substances,  and  by  particle 
■growth  by  impaction,  especially  when  the  water  drops  are  present  In  liquid  form 
and  in  high  oonoentration, 

The  water  content  of  the  final  particle  would  depend  on  the  humidity 
and  temperature  conditions  of  the  abnoapiwre  through  which  It  falls.  While  the  ~ 
final  wider  content  of  the  particle  would  .be  determined  to  a  large  degree  by 
these  condition*  in  the  latest  part  of  their  fall  trajectory  near  the  earth,  (he 
particles  carried  to  groat  altitudes  would  fall  through  air  layer*  at  temperatures 
lass  than  tfC.  fn  these  layers  the  particles  would  be  solid,  and  the  time  that 
they  would  remain  in  the  solid  state  from  a  large  yield  detonation  would  be  a 
large  fraction  of  their  total  fall  time,  The  lose  and/or  gain  in  water  content 
during  the  fall  would  result  in  corresponding  changes  in  particle  alas  and  density 
as  well  as  in  fall  velocity  of  the  particle, 


The  oonei stent  Inference*  of  the  data,  with, retsrd  to  the  termalion 
of  the  fall-out  particle*  lw  the  cowling  fireball,  are, 

1.  Tit#  vapor-condensation  of  small  particles  begin*  at  the 
highest  temperature  at  which  a  macroscopic  liquid  phase 
can  exist  in  equilibrium  with  Jta  antoratod  vapor.  The 
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milmituK'O  forming  lliiw  initial  liquid  phase  lx  always  u  min- 
radlnnotlvo  mule  rial,  biicIi  ns  the  metnl  nxldos  from  the 
structural  cioiii|K)ii(iiilH  of  the  weapon  uiul/or  Urn  dnuo m|x ILlon 
products  of  Urn  Botin,  Tim  bo  substances  nre  the  ones, 
nearest  iho  paint  of  detonation,  whoso  vapor*  a n  Intimately 
mixed  with  the  fission -product  gas  atoms.  Bomo  of  the 
flssfon  product  atoms  or  molecules  condense  to  form  a 
dilute  solution  In  these  particles. 

Heated  soil  land  lower)  material*  are  drawn  Into  the 
fireball  as  It  rlaeai  some  of  those  form  particles  from 
the  disintegration  of  a  bulky  layer  of  liquid  material  or 
are  otherwise  melted  before  they  enter  the  cooling  fire¬ 
ball.  Certain  other  particles  nre  melted  after  they  enter 
the  fireball,  some  are  only  partially  melted,  and  aomc  are 
not  melted  at  ail,  The  degree  of  heat  treatment  received  by 
the  various  type*  of  particles  depends  upon  the  time  the 
particle  entered  the  fireball,  Its  trajectory  through  the 
hot  gases,  the  temperatures  along  that  trajectory,  and 
the  particle's  velocity. 

The  larger  of  the  molted  particles  collide  wiUt  and  dis¬ 
solve  the  small  vapor-condensed  particles,  thua  acquiring 
the  radioactive  elements  they  contain. 

4 ,  Had  lose  tl  va  elements  that  remain  In  the  gaseous  stale 

during  the  time  these  meliud  particles  exist—  that  In, 
whan  ths  fireball  temperature  la  between  (he  melting  and 
boiling  points  brute  partmioB— vspur-condenso  directly 
onto  the  particle  surfaces  (o  form  dilute  solutions  of  the 
mutually -soluble  oxldea  or  compounds.  The  element!  may 
solidify  is  separate  pham  in  th#  panic  lea  if  the  con¬ 
centration  la  auffiolsntly  large,  or  remain  eaaentially 
as  an  impurity  alts  in  the  crystal  or  glass  phase  of  the 
larger  melted  particles. 

frr  Thrlalsstnwlld  particles  to  arrive  in  the  fireball  "collide 
with  and  aca  verge  some  of  the  remaining  small  particles, 
which,  then  remain  on  the  lurfaee  of  the  larger  funmeltsd) 
particles,  Since  these  solid  particle*  collect  on  their 
surfaces  other  particles  as  large  as  10  microns  in  diameter, 
they  can  also  vapor-eondense  on.  their  surfaces  ths  mors 
volatile  of  the  radioactive  atoms  not  previously  condensed 
into  the  liquid  panicles.  And,  since  some  of  the  fission 
products  arc  rare  gas  elements,  this  latter  type  of  con¬ 
densation  proceeds  as  long  as  the  particles  and  gas  atoms 
remain  together. 


Thu  imrlluhi  tli 111" nutation  analyses,  although  giving  muoli  inl'iit'innUon 
on  thu  strut)  turne  of  fullmit  pitrlkilosi  iiml  on  Ilia  wuy  thoy  i,iru  formorl,  glvti  no 
(|uunttUUvu  Uutn  on  the  mllo-ohemloal  uoinposltlou  of  the?  pnrltolus,  and  only 
a  1 1  in  iloil  amount  of  unalnselfkid  Information  la  nvnilnbio  from  rartto-uhcimionl 
mialyaue  of  fallout  particles.  The  first  Information  of  thla  kind  wn«  reported 
by  KlrnuraUi'  et  al,  who  presented  analyaoB  of  inn  fallout  from  Shot  Bravo, 
detonated  on  March  1,  1U04,  The  fallout  for  these  analyse*  contaminated  the 
Japanese  boat  No.  0  Fukuryu  Maru,  Some  of  Uie  particles,  called  ashes  or  dual 
becauae  of  the  white  color  of  calcium  carbonate  or  hydroxide  were  coil  acted  by 
the  crew  of  the  ah fp  who  carried  the  material  book  to  the  Japanese  mainland 
where  the  analyse*  were  made, 

In  the  report,  Klmura  chose  to  refer  hi*  data  to  the  thermal- 
neutron  fission  of  Pu-23D.  The  data  were  reanalyzed  on  the  basis  of  8-Mev 
neutron  fission  of  U-233  bcaauao  of  the  reported  high  abundance  of  the  nuolide, 
11-297,  presumably  produced  by  a  (n,  2n)  reaction  on  U-838.  in  this  instance, 
the  Pu- 839  was  presumably  produced  by  a  (n,Y  )  reaction  on  U-238  in  which 
the  initial  product,  U-289,  had,  to  a  great  degree,  decayed  to  Np-239  end  then 
to  Pu-230  by  tile  time  of  the  analyses.  Kimura 'a  data  sre  compared  with  the 
calculated  activities  for  U-233  fission  at  D  +  23  (20  days  after  detonation)  and 
summarized  in  Table  2.4,  The  ratios  of  the  observed  percentages  to  those 
calculated  for  the  rare  earth  nuclides,  Y-91  and  Nb-BO,  are  greater  then  one. 

It  is  clear  that  the  percentage  of  fission  produot  activity  missing  is  greater  than 
the  17.40  percent  unaccounted  for  in  the  sample  analyses,  To  oheok  the  rsallty 
of  the  high  yield  for  Nd-147  end  the  low  yield  for  Op- 141,  the  two  ion-exchange 
elution  curves  given  by  Kimura  for  the  rare  earth  nuclides  at  D  +  40  were 
integrated,  giving  the  following  percentages!  Y- 01,  10-21  percent!  Pm- 147, 

Nd- 14,7.  3-18  peroenti  Pr-143,  lfl-30  percent;  and  Co- 141,  Ce-144,  Pr-144, 
so- au  percent,  These  values  agree  with  the  calculated  percentages  of  Y-91, 

21  peroenti  Nd-147,  10  percent)  Pr-143,  23  percents  and  Ce-141,  Ce-144, 

Pr-144,  43  percent,  at  D,+  40,  Thus  it  wee  concluded  that  the  ratios  0,03  and 
2,00  in  Table  8,4,  for  Ce-141  and  Nd-147  respectively,  do  not  indicate  n 
depletion  (ff  Ce- 14  l  and  an  enrichment  of  Nd?  147, 

Assuming  that  the  rare  earth  element*,  yttrium,  zirconium,  end 
niobium  are  in  the  oorraot  ratios  for  U-230  fission,  their  grbaa  contribution  to 
the  activity  may  be  uaod  as  a  baeia  for  estimating  the  relative  depletion  or 
enrichment  of  other  fieeion-product  nuclides,  The  data  of  Bollse  and  Ballou11 
for  U-295  fission  product*  (with  adjustment  to  the  Heston  yields  of  Table  2.9) 
were  used  to  calculate  the  percentage  of  activity  at  D  +  ?.S  for  U-238  fission  with 
o-Msv  neutrons,  The  Indtoeted  unfraotlonated  miolides  contribute  46.9  percent 
of  the  beta  activity,  wh»r»*»  the  observed  percentage  wliTffB.O  peroenti  henoe 
only  72  percent  of  the  normal  fleeion- produot  mixture  activity  must  have  been 
present  in  the  sample.  The  reins Ining  20  percent  woe  then  either  with  Rnothor 
group  of  particles  or  did  not  condense  on  any  largo  fallout  particles. 
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Tho  jon  exchange  elution  uurvim  roporltiri  by  Klmum  for  n  gross 
nample  on  n  +  MO  to  92  worn  also  Integrated  nntl  adjusted  to  the  percentages  of 
the  total  activity  lying  under  the  curve  at  D  +  21,  The  results  are  given  In 
Table  2,11,  along  with  the  data  from  Table  2,4  for  comparison,  In  thli  oaen,  the 
obeerved  percentage  for  the  rare  earth  (yttrium,  idroonlum,  and  niobium) 
nuclides  la  65,4  percent  and  the  calculated  fraction  le  40,4  peroenti  this  Indicate* 
that,  at  D  +  21,  68  percent  of  the  total  activity  of  the  normal  mixture  was  preaent 
in  the  sample,  The  percentages  at  the  two  times  differ  a  little;  they  would,  of 
course,  be  expected  to  change  with  lime, 

The  estimated  fractionation  numbers,  r0(A),  given  In  Table  U.fl  for 
various  nuclides  In  the  fallout  were  compiled  froth  the  data  of  Tables  9.4  and 
8,8  and  other  souroet  as  noted^ In  addition  to  the  rare  gaa  elements  and  their 
daughter  products,  the  important  slsmentn  In  the  fallout  that  were  depleted 
Include  Hu,  T«,  and  I.  Other  elements  undoubtedly  were  also  fractionated  but  are 
not  listed  because  they  would  not  contribute  significant  amounts  of  activity  at 
D  +  21  and  D  +  SO.  Ths  summed  beta  activity  for  the  unfractionated  mixture 
of  activities  at  D  +,  as  if  T.fll.xio"'1  disintegrations  per  second  (d/s)  per  fission, 
Sines  only  79  peroent  at  this  amount  Is  present  In  the  fallout  sample,  the 
equivalent  beta  aotivity  at  D  +  36  Is  fl.49xld“*  d/e  per  fission. 

Pu-230,  with  a  84,300-year  half-life  and  formed  from  the  dscioy  of 
U-889  and  Np"88B,has  a  decay  rate  (1A)  value  of  l.llxlO!1  atoms  of  Pu-988  psr 
d/ai  At  D  +  86,  the  reported  ratio  of  the  Pu-889  aotivity  to  the  fission  produot 
activity  Is  5,0xl(T(l .  The  produot  of  these  valuta  gives  0,3  atoms  Pu-830  per 
fission,  This  is  esnontiftHy  equal  to  the  number  of  U-aae  atoms  formed  at  aero 
time,  .  "  ... 

The  ratio  of  the  activity  of  the  11-887  io  the  fission  products  at 
D  +  88  is  given  as  80/80,  For  the  8,7B-day  half-life,  1A  le  8,49x10*  atom* 

U-8S7  per  d/ai  henoe  the  relative  oapture  number,  O,  is 

0(887)*  (80/i0)x8, 48  Xl0‘x  6,42x10 “"/exp  (8.1) 

■  ■ 

*  0,18  atoms/flseton 


Bines  the  alpha-counting  technique  and  separation  methods  might 
result  In  low  values  of  Pu-889  aotivity  relative  to  the  total,  the  yield  of  U-2S9 
(or  Fu-888)  in  the  sample  could  well  have  been  larger  than  0,3  atoms  per 
fission,  For  a  broad  energy  band  of  neutrons  centering  at  about  8-  Mev,  the 
yield  froma(n,y)  reaction  on  U-238  could  be  aa  much  as  8  times  the  yield  of 
the  (n,  2n)  reaction, 
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Nolo  Hi  NhIIiwUckI  from  Jon  oxohiinffti  olutlon  ptmk 

nativity  poroohliiRo  anil  from  dnln  of  Hoot, ion  , 
B.H,  kIvIor  tho  rolallvn  fi'iuillona  (inmloniwrl 
of  mna»  mimbom  Ilia,  1.111,  100,  ami  KHJ.oori- 
Hlduml tb  Iw  in  the  ratio  of  I  i  1,11  i  M  i  a, a. 

Nolo  nr  From  a  plot  of  r„  (AT  vumiN  iho  hniMlfo  of 
rnro-Kna  prodursora, 
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II.  muy  In1  nnlcd  Mini ,  nl  U  i  2fi,  llii1  relallvc  m-l I vl I y  "I  fill  hour 
N|i~a:il>  Ih  2,0flK  1 0“"  i'I/m  per  iilnm  nf  II  gill)  |  h’i  *i  lui  'i'i  I  lull  In  lly ,  find  for  d.'ffi  illiy 
U -S/17  It  Ih  ll.lilxlO"11  iI/h  per  alum  nl  ( l - il.'l 7 .  TIiiih,  even  ill  n  n  In  I  yield 
ratio,  the  nativity  nf  the  Np-Uill)  id  I)  l  2fi  would  lie  only  l/H  nf  the  U  2(17  not  I  vl  ly 
mill  wnuld  lie  rllffleult  to  deleet.  The  fiietni'  nf  fi  would  give  it  eii|iturr  number, 
G(8ll|)),  vfilue  of  0,75 'ntnniM  per  fission, 

The  Second  not  of  unclassified  (lain  on  the  radiochemical  content  of 
radioactive  pnrtlolea  wna  reported  by  Mneltln  mifl  ooworhcra  ill  NIH)lilH  The 
sample  pimielefl  were  obtained  from  (ii.uon utlom*  on  oo ml  islands  id.  the  Mel  we  Ink 
Proving  OrnundH  fn  JOfid,  In  thin  ease,  analyses!  are  made  for  only  a  few 
radionuclides:  Mn-flt),  Sr~Ht),  Bn-140,  and  Wp-S'llll.  However,  no  Np-S!UI)  (Inin 
nro  reported,  hi  iirldittnn,  the  gross  activity  of  the  particles  Ih  mottmired  by 
using  a,  well -crystal  (WC)  NalfTl)  scintillation  counter  nnd  u  4 ir  high-pressure 
argon  gas  (at  a  preniu re  of  (100  psig)  gnminn  Ionisation  chamber, aS 

Many  of  thu  pnrtinloa  were  weighed  ho  that  apedflo  activities  cpwid 
bo  dote  mined,  and  no  mo  data  on  groan  samples  were  obtained.  The  Mo-00 
ractionuolido  wna  util  I /of  I  aa  the  "fission"  tracer  with  the  assumed  yield  of  (I,  I 
peroonli  lUils  yield  value  in  sufficiently  oioae  to  the  yield  for  the  H^Mey jitjutfod 
rrialmroTtl.MS  that  no  adjustment  of  the  reported  vnluoa  wna  required,  Some 
of  thevdats  are  summarised  In  Table  3,7.  The  partlelo  typo  (leHignatlona  "altered 
and  "|)n  Rite  rod"  u«od  by  tho  author*  Have  boon  ohangod  to  "ruaod"  particles  anrl 
"Irregular"  pnrtlolea  aa  tho  first  olaa«iflontlon  of  tho  pnrtlolea  nH  the  first 
olftBalflafltlon  of  II19  particle  typo  alnoo  tho  thln-scntion  itnalyaoa  showed  that 
moat  m  the  Irregular  pnrtlolea  have  boon  oftloinod. 

1  -  Bcmnuan  of  analytical  requirements,  only  thi»  more  highly  radio- 
aotlye  partlolea  were  used  In  the  reported  analyses,  fills  menu  a  Hint  the  results 
are  npijllonbld  only  to  n  description  of  the  larger  pnrtlolea,  However,  even  with 
this  blna,  tho  results  are  uanful  in  Illustrating  the  possible  range  In  vnluoa  of 
all  the  monnured  quantities, 

.  .•.'■  The  counting-rale  and  l«in*dum?nt  menaurevnenta  were  corrected  In 
IW7e  luiura  before  the  apparent  average  Inn  I  gallon  rates,  WO -rates  per  fission, 
"Ion  .ourronl  per  fission,  and  the  apnelHo  Innl  sullen  raid  were  oomiHtlod,  The 
dbony  oorreetlona  for  the  WC  monauremenlH  were  obtained  from  ilio  reported 
decay  oiirvea  for  the  two  types  of -pnrtlelesi  the  Ionisation  rule  decay  eorreollona 
worn  obtained  from  unpublished  data  on  particles  from  the  name  nol  of  samples, 
It  Is  quite  likely  that  each  particle  had  It*  nwn  iWnyTirtr,  differing  lo  Home 
degree  from  other  pari  lotos  of  the  name  general  lyjie,  ThortTuro,  with  n  single 
lypp  of  deeny  curve,  the  corrections  In  11  Onmtmm  time  lire  only  'approximate, 

The  variability  of  lire  ratio  of  Hie  Ion  ourronl  lo  the  WC  emml-rnle 
of  the  Hot  of  pnrtlolea  Ih  the  flral  Indication  of  11  gruHMdlfforom'oliilho  relallve 
iibiindaneoH  of  the  emitted  gamma  rays  of  dll'forcnl  energies,  lienee  id'  a 

r,d 
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variation  In  the  conHlIhmnl  rcdiomiollden  Although  the  rallon  of  llu-  I  wo 
nKWHurt'minilN  of  tho  gross  tii'llvlly  In  the  lined  pnrlleloH  (!.«>.«  spheres  nr 
broken  spheres)  him  I  tho  Irroguliir  imi'lloles  have  valium  that  nvoragc  Hilsio  17 
mn/opm  nnd  1113x10  17  inn/opm,  respectively,  thnri>  nrc  overlapping  values  In 
enoh  pnrilolo  group,  Perhaps  If  tho  number  of  puiTiolo*  nnnlysnd  had  boon 
doubled,  ihlM  vnllii,  uh  n  second  purUole-lyiio  classification  or  distinction 
between  tho  two  groups,  might  ho  Iom  marked.  In  miy  ease,  nt  11+70  tho  activity 
on  or  In  tho  Irregular  purtlules  emitted  moro  high-energy  gamma,  rays  limn  tho 
iiotlvlty  omitted  by  tho  found  particles, 

Tho  third  typo  of  classification  of  tho  two  types  of  particles  Is  the 
comparison  count  per  minute  (opm)  per  fission  of  llm  WU  vulncs  or  the  mn  per 
flssieu  ratios.  Of  the  two*  the  ton  current  per  fission  gives  the  liir|tor  differen¬ 
tiation,  since  It  Is  a  more  sensitive  measure  of  the  tntnl  photon  energy  emitted 
from  the  mixture.  The  unfraotlontttiu!  flstdon-produot  mixture  from  the  thermit  I 
neutron  fission  of  U-H3B  giyes  nn  Ion  current  of  StB.lKlO’*5*1  mit/flsslon*  at  H+70, 
This  should  bo  within  n  few  percent  of  tho  Ion  oil  front  per  fission  for  tho  un- 
fritotlonated  fission  products  from  H-Mov  neutron  fission  of  11-allH,  The  vnlue, 
ao.nxlO'1'1  mn/flsslou  for  the  fused  pnrtleies  Indicates  that  if  Mn»i)l)  Is  n  good 
fission  Indicator  tho  rolntlve  tibuiulance  of  mnny  other  nuclides  In  these 
pnrlloles  Is  low,  the  vnlue,  1  ift.dxl 0■1,,  ma/flsslon  for  the  Irregular  pnrtleies 
Indicates  that  the  rolntlve  nhumlnnoo  of  the  other  nuclides  Is  high,  The  fnet  that 
tho  two  values  do  not  have  it  mean  vnluo  near  ,7tUxl0",llmn/fls*lon  must  he  duo, 
In  part,  to  the  presence  of  Induced  activities.  ; 

-  ..S  ' 

Assuming  that  tho  two  types  of  pnrlieles  together  condensed  essen- 
Unity  all  of -the  gumma-emitting  radionuclides  that  contribute  nt  ll+70,  and  thnt 
all  liui  cxeliss  Ionisation  Is  due  to  Np-3ai),  llm  ciiplui'n  number,  (T(anO),  for 
tJ-ani)  enn  be  estimated  from . 

I'm  <70)19.  1x13'  +  *!7.4x)0rU1  C(2i9l  *  1‘)i  Rxl0““'  (8,2) 

whore  I'd, (70)  Is  the  gross  fission-product  Ionisation- rnlc  fractionation  number 
nt  11+70,  which  for  the  combination  of  both  particle  sets  Is  approximately  equal 
to  unci  37.-1x10  ia  Is  the  ton  current  at  11+70  per  atom  or  ll -aim  nt  aero  tlmoj 
and  Wi.Hxlo"111  mn  per  fission, Is  the  geometric  moan  value  for  the  two  typos  of 
particles. 

dolling  ri„(70)  equal  tn  one  gives  (l(3ni»)  equal  |,o  0,70,  Hlneo  the 
authors  Indicate  that  0(2110)  Is  about  llm  same  for  both  particle  types,  ri„(7fl)  enn 
bo  bach-computed  for  each  type,  For  the  fused  particles  r(|,(70)  Is  0,30  nnd  for 
the  irregulnr  particles  u  Is  3, -111.  The  fission -product  nuclides  In  the  Irregular 
particles,  therefore,  emit  nlmut  ll.lt  times  more  gamma  energy  per  fission 
(relative  In  Mn-lM))  than  the  spherical  purl  lolcs  nt  11+70,  When  calculated 


ft  ii 

ttfil 


pur  unit  fins  Ion,  the  reported  deony  eurves  nf  thi’  Iwn  ly pen  of  pnrlh'lcs  |im«I  tn 
approach  niioli  other  nl  nhout  (1000  hiitirn  niter  llsalon.  At  them'  Ilmen  must  of 
the  ImvlKiitliiii  In  iliio  to  Zr  and  Nh  mioinloH,  lloimo,  therm  two  elements  oumiot 
bn  fractionated  with  respect  to  Mu-OOt  end,  further,  nf  ulmut  (1000  hours  after 
f t*ii ton  there  ntm  no  differences  In  the  radiations  omitted -'from  Urn  two  typos  of 
particles. 

Tho  fourth  comparison  between  I, ltd  spherical  nod  Irregular  typos 
of  particles  In  by  their  specific  nativity.  At  IM-70,  Iho  bin  onrront  per  milligram 
(mg)  of  tho  fused  piirllolon  in  about  15  times  larger  than  Mint  of  the  Irregular 
particles,  in  this  classification,  tho  sample  not  of  irrogulnr  partleleH  is  given 
an  Additional  arbitrary  suboUissIflontlon  by  Huleotluni  tho  pnriiolos  with  n  very 
low  specific  notivlty  arc  separated  autv  The  pnrtiolon  bo  selected  for  uHreina* 
tlon  arc  of  tho  typo  found  In  the  thln-nootlon  analyses  whore  n  small  active 
particle  la  observed  to  bo  nttaohod  to  a  larger  Innotlvo  oornl  grain,  it  Is  also 
possible  that,  had  moro  particles  boon  analysed,  the  number  distribution  In 
specific  activities  could  have  filler!  hi  the  Intermediate  values  to  give  n  brondcr 
single  distribution. 

Tho  specific  activity  of  tho  fused  partlolos  in  tor  ms  (if  fissions  per 
gram,  based  on  Mo -01)  yields,  is  about  55  times  that  of  tho  Irrogulnv  particles, 

Since  tho  lun  ourrcml  pel*  fission  nf  the  two  typos  of  particles  becomes  oqunl 
at  about  0000  hours  after  fission,  tho  Inn  current  from  the  fused  particles  Is,  , 
on  tho  average,  nfl  times  larger  tlinn  that  of  the  Irregular  partltdes, 

In  a  sense,  tho  comparisons  given  should  bo  taken  with  some 
reservation  because  of  the  amnll  sampling,  on  the  other  hand,  the  large  errors 
indicated  by  the  standard  rlovinflons  do  not  In  themselves  Influence  the  validity 
of  tho  conclusion*  from  the  data,  Thoac  dovlnlloni  rather  imllonto  the  breadth 
of  the  distributions  In  the  radioactive  content  of  the  fallout  partlolos  or  any 
other  parameter  of  oonoern.  Thus,  the  single-particle  data  of  this  type  are 
very  useful |  they  provide  detailed  Information  <>n  tho  likely  nature  of  large- 
sample  distributions, 

The  I'rnetlonntlon  numbers  for  mnns  numbers  kl>  and  140,  for  some 
of  the  coral  par  tlelcs,  are  given  in  Tabus'll, h,  The  values  given  by  Mack  In  and 
ooworkera*1  arc  corrected  to  correspond  to  the  yields  from  U-UIIH  fission 
with  R-Mcv  neutrons,  The  original  1(4  values  are  dol’fnod  by 

Rn((  (U-^,15  fins  Inn) 

*  (ckintent  of  Mui  A  In  flsmplp)/ (Contain  of  Mass  99  In  Sample) 
(yield  nf  Mass  A  in  U«21f>  flssTonTTT Yield  nf  Mass  00  lnU*235  fission) 

<B.B> 
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SUMMARY  Of  FRACTIONATION  NUMRifittB*  TOR  MASS  NUMRI5RB 
HI)  AND  !40  IN  CORAL  FALLOUT  PARTICLES 


•li 

Particle 

Desoriptlon 

GlC/f  at  H+70 
(iWf)xlO*’ 

80 

00 

m140 

R00 

R*40/nRD 

"O0  '"00 

A 

,  Pusoti  Pn^tiu!! 

;S 

W8 

18,8 

0.084 

0,0157 

0,088 

8 

18,8 

0.013 

0.080 

3,50 

YB 

as, a 

0,30 

« 

“  i 

YS 

36, e 

0,030 

0,038 

1.08  | 

B 

ae.o 

0.0088? 

0.018? 

5,14  | 

YI 

aa.a 

0,040 

0,14 

9,04  | 

YS 

34,7 

0.038 

- . 

n  Sl  • 

YI 

38,0 

0,041 

0,14 

3,41 

WI 

88,8 

0,114 

0,83 

a, 81 

wr 

40,7 

0,38 

'  ■ 

•» 

ws 

58,0 

0,040 

0,20 

5,00 

|  Goometrla  Mean 

0,0801*180%) 

0,10(*180%) 

■ 

i 

..  !»•'  -  '•  ■; 

», 

Irregular  Particles 

'i 

WI 

WI- 

54,0 

78,7 

1.81  -u  "  j; 
0,04 

0,83 

1,8 

0,459 

-2,81 

WI 

88,8- 

0,80 

M 

GI 

03,1 

o.sa 

3.7 

8,30 

WI 

-  130  , 

1,0 

4,0 

4,00 

WI 

ii  1M 

143 

1,7  - 

3,6 

1,53 

I 

0,83 

0,80 

1,71 

WI 

'  308 

3,8 

3,6 

■v;  1,50 

'  91  , 

-v  313 

3,8 

4,0 

1,74 

Geometric Mean  » 

1,051*08%) 

8,10(*84%) 

•* 

). . 

"»•  >U . . M.  • 

•  ••■-  » •  •  - . . 

rJJ  (u-aae  fiaiien)  -  -i.iwhhJJ  (u-saa  fission) 

rJJ()  (U-aas  fission)  -  1.17rJJ0;<IJ»mb  fission) 

?  Questionable  values,  not  used  to  aaluuinte  means. 
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where  thn  cmntunt  nml  yields  art,  glvon  in  inrmn  nf  nativity  nl  n  given  lima  nr 
of  nutnlmr  of  atom#  nt  norn  lima,  or,  In  farms  of  n  count  rnto,  from  n  cnllhrniorl 
analytical  procedure  In  which  n  foil  of  11-2(1  ft  In  homhnrtlerl  with  thermal 
neutrons,  The  values  In  the  table  show  that,  relative  to  mass  1)1),  mass  HO  was 
very  much  depleted  in  the  fused  particles  and  was  enriched  In  some  of  the 
irregular  particles,  For  mass  140,  the  enrichments  In  the  Irregular  particles 
were  as  high  as  a  factor  of  4, 

The  corrected  fractionation  numbers  for  the  gross -fallout,  sample 
collected  near  the  barge-sample  particles  are  0,001  for  mass  HO  and  0,12  for 
mass  140,  These  values  indicate  that  most  of  the  activity  in  the  gross  sample 
was  from  the  fused  (spherical)!  particles,  Because  most  of  the  reported  data 
was  obtained  from  large  particles,  it  is  not  known  whether  the  high  fractionation 
numbers  are  applicable  to  small  Irregular  particles  and  henna  to  locations 
further  away  from  ground  Kero.  At  least,  in  the  samples  further  from  ground 
*ero,  the  relative  abundance  of  the  fused  particles  was  decreased, 

In  the  irregular  partlolee,  the  relative  amounts  of  8r-80  end  Ba-140 
were  higher  by  factors  of  91,0  and  91,9,  respectively,  than  they  were  in  the  fuaed 
partlolee,  These  ratios  are  not  comparable  to  the  ratio  of  the  tf*  (70)  values 
for  the  two  types  of  particles,  since  the  latter  refers  to  the  relative  ionisation 
rate  at  H+70  hour*  only,  and,  of  course,  the  rij,  values  change  with  time,  The 
fractionation  numbers  for  the  irregular  particles  appear  to  decrease  with 
partlole  mas*  (or  *isie)i  no  comment  oan  be  made  on  the  dependence  of  the 
fractionation  numbers  on  particle  mass  for  the  fused  particles  because  of  the 
small  range  (1,7  to  9,8  mg)  of  partlole  slass  used, 

_ Correlations  of  fractionation  numbers  for  fallout  from  relatively 

high-yield  detonations  on  the  surface  of  ooral  i elands  and  on.  see  water  are 
reported  by  Frelllngf  ,  In  the  report,  Frilling  mentions  the  identification 
of  the  induced  activities  of  Na-84,  8-39,  Ca-49,  Br-SB,  U-B87,  U-S40,  and 
Np»BBB  although  no  yields  ars  given.  The  presence  of  the  last  thres  nuclide# 
suggests  that  muoh  of  the  fission  yield  was  due  to  the  fission  of  U-&38,  The 
oorreUtluns  Indicate  some  reletionship  among  the  fractionation  numbers 
namely,  that«relattve  to  the  refractory  elements,  the  fractionation  numbers 
of  the  voUttl#elemento  increase  or  deorease  more  or  lessee  a  group,  This 
could  bn  due  to  the  relative  composition  of  the  gross  samples  with  respect 
to  the  two  types  of  partiolss,  as  suggested  by  the  data  of  Malkin  for  the  coral 
fallout.  It  could  also  result  from  t  time,  concentration,  end  temperature 
dependence  of  the  condensation  process  for  each  partlole  or  partlole  group. 

The  correlatlone,  therefore  should  depend  on  weapon  yield  and  on  type  of  environ¬ 
mental  carrier  material  In  forming  the  partlolee.  ’< 


ns 


I'Telling'H  imilineiil  In  enm'intiiig  all  Um-  «!»(»,  ireenpeeihe  of 
yield  i)i’  carrier  miderlal,  neglenla  llmw  ell'eelM.  Tin1  iucIIiimIh  nl'  lining  tlm 
fill  In  nf  |  ho  frnellonullnn  ounilierH  In  11  highly  frimllnnnled  nuclide  III  I  lie 
uorrnliitfona  In  an  nrllfnol  In  append  nut.  (In*  data  mi  a  graph  lull a  uii.fi  ir tuiiatrly, 
the  Ui«hnli|iin  doea  not  give  reliable  HIiiIIhUoiiI  ditln,  (Inavci'led  In  frimllnWlHnll 
numbora  relative  to  mitaa  numbem  00  or  lid  and  onmuded  In-  II-BJIH  Hanlon 
yioldn,  the*  data  are  reproduced  In  Table  U <0 .  Tile  iiiiihh  number  IMI  Ih  tim'd  hm 
tlw  rnferenoe  mini  inn,  For  tlm  anmploH  In  will  ell  till'  relallve  yield*  nf  the 
other  I'efi'iudni'y  nlmm'iii*  (7r,  On,  ll)  iii'o  appreciably  different  from  iiltlly. 
Indicating  pnnaibln  error  In  Thu  dnta  fnt’  mnaa  tiumla'P  HU,  nne  ef  (lie  other 
PBff'nalory  demon  la  could  lie  tlm  elinaon  refer  cnee,  mini  lilo . 

With  oorrenllona,  tho-datn  imllonlo  that: 

1.  Wllhln  expei’lnientnl  C’Tl’ni',  thn  ninim  numlH'i'H  fin,  llll,  Hd, 
HUT,  and  800  are  proniml.  In  limit'  original  I’iilloM  In  all 
samples, 

a.  only  mnaa  mtmhorn  with  rare  pH  cioiiionla  in  the  ehaln  are 
frnoUnnnled  In  non  Wider  fallout, 


a,  For  tlio  large  yield  detonation  on  the  mirfane  nf  deep  aen 
water,  the  iiiiihh  mimborn  wUh  rare  gnu  olomuiHa  In  I  he 

ehaln  lire  nol  friuUlonafed  to  n  Rlgplfleanl  degree, 

4,  The  franUemvtlnn  mimlmi’H  Inel'enwe  with  (downwind)  distance 
from  allot  pnlnl  and  therefore  muni dooreaue  with  the  mean 
- - 1  ,  -  puiTlelo  alao,  and - -  -  v 

I),  The  man*  numhor  ilia  with  the  element*  8n,  8b,  te,  and  I  In 
the  (loony  oltiiln  hna  frnallonntlctn  mimbaraln  the  corn  I 
>  fallout  that  are  noarly  etpial  In  llmae  for  mans  mimlwr  00, 

inme  Idea  nr  What  neeur red  In  the  fallout  formation  pmoonn  for  mama 
number  a  HO,  IMI,  111  7,  ami  MO  can  Im  deduced  fromJhe  eurvon  of  Figure  8 . 4  S  t 
the  ho  hIkiiv  the  fraoUon  of  eneh  ehaln  that  could  hnve  enndenacd  ala  given  time 
after  flnnlon  with  the  exeeptlon  of  the  Indicated  domenln,  For  tlm  Inna  of 
rare  gnnn  me  in  bora  only,  the  minimum  fraollnnatlnn  mimlwra  for  the  four  mnaa 
numlmra  are:  HO,  o.lfl;  00,  0, 0(1:  107,  6, 2d:  and  M0,  o.fift.  In  thin  treatment 
tho  fractionation  numlmra  are  relative  in  the  ladn|M'iidnnl  yield:-:  nf  the  chain, 
and  not  In  another  maun  ehaln  yield:  therefore  valium  larger  Ilian  1  are  not 
poaalblc,  However,  the  an  minima  nonur  at  different  Urneas  therefore  they  ihi 
nol  all  onour  for  a  given  group  of  particles 


on 


Values  for  231  and  239  are  not  corrected  lor 


II  Ihi'  Imlnpnmliml  ylnliln  Irom  cHuikImiiIii'm  iiliii«>  tor  U-a!lli 
I  I no  Ion  urn  rmoioimlily  niiniiriili<  oMlhtmlnH  lor  Ilia  ylnliln  from  n  nuolonr 
wnupoii,  Ilian,  for  ooiiiIoiihhUoii  thinm  iip  to  nit  hoooikIu,  it  iippniira  from  Mm 
dll  In  thiK  only  Ilia  nlknliim  olirtli  mnmliai'H  of  Ilia  ahnlim  (Hr,  Mu)  ii.nd.ii 
I'mnllim  of  Ilia  ii  IUii  1 1  main  I  nlnnumtx  (Hli,  ('«)  iioiiiIoiihoiI  in  Ilia  oiirnl  pnrllnlox 
fill  ling  nnuroMl  to  hIioI,  pnliU .  For  Ilia  aimdnnwiitUm  nl  Him  li'iiatloiiH  of  ninth 
a  I  oman  I.  ill  liny  Hina  tip  lo  Iff)  xnunmlx  tillin'  IIhhIoh,  Ilia  oiirvon  liullontn  llinl 
Ihn  I'riinllmmtinn  ninnliar  for  nuiHH  nunilMir  HI)  Mlmtild  lia  larger  I  him  fur  nuiHH 
nuntlinr  HU,  nnil  tluil  llx  viihia  lor  mnxx  number  HU  Hlioulil  lie  Inrptor  limn  lor 
maun  mimiior  11)7. 

The  nflniil.  nf  innrnnHiug  weapon  yield  oil  tho  eOlidriiiXiftioli  IX  In 
extend  iKtlh  tho  Umo  lind  tlme-porlod  over  which  Ilia  nnndimxiitlon  bemirx, 

Nlnaa  tha  ruta  of  dimrnnxa  of  the  flrobiill  tmnpariitiira  dnoranxes  a*  thn  ylolil 
inuranHOH.  on  tha  nvnrnga,  tho  fill  lout  from  larger  ylolil  woiippitx,  tharnfora , 

In  I nHs  Iriicllonnlad  in  m«xx  numlmrx  Nil,  no,  nnil  HI)  nntl  even  parlinpx  in  mnxx 
number  HI7,  Tho  maximum  n mount  of  fraellmuitlnn  of  thoxe  mnxx  numljtirii 
rnxultx  Trotn  fiondonxntton*  onmirvlnjc  between  lllmtll  ID  mid  30  xmiiindx  lifter 
fix*  I  on. 

A  plot  of  unluutftted  t'0(A)  vnlunn  for  mnxx  number*  lilt,  -1 117,  funl  NO, 
Imxetl  on  the  indopondbntyinlri*  of  Mm  ohnln  monibor*  and  thn  aomplnia 
uondcmxtttlcin  of  tha  alkali  nnil  alkaline  mirth  nimildn*,  ox  a  liinatlon  of  tha  r0(A) 
vtiluox  for  mnxx  mimbor  80, "lx  xhown  In  Figure  a, in,  Thn  xhnpn  of  thn  oiirvnx 
xuggaxtx  poHXlhln  uarraintlonx  among  tho  frnutUiniiUnn  numlmrx,  oxpeolully 
If  thn  oondnnxntlon  porlotl  lx  xhort,  For  tlnioi  Inngtir  Mum  about  IK)  xnnnndx 
after  fluxion,  the  uurvox  for  mnxx  number*  IK)  and  HO  rnproxonl.  tha  nnxa  for 
nnnnnndflnNntlun  of  only  tlmTfli’o  p*  ohnln  memborx.  If  tlm  anndnnxntilnii 
tnkox  plncm  over  «  relatively  xhort  tlmo  Inlnrvnl,  the  friuitlnnution  number* 
are  relhtad  nooofdlng  to 

I'd  (A)  -  r/}(A)  [i‘„  (HP)]"  <».») 

where  rfl(A)  nnd  rt  are  ocnwUmtsi  the  cnnxutnt  n  lx  the  nlope  ill'  tlm  uurvn  l'nr  it 
xhort  porioii  of  time, 

Tlm  emplrltmi  correlation  imnxtnnlx  for  Bq,  8,1)  lira  glvcm  In 
Tii bio  si, to,  along  with  tha  nmnn  vnluox  of  tho  eondonxiitlon  Union  In kan  from 
n  plat  of  r^(A)  iirnl  n  «x  derived  from  tlm  twngohtx  to  tha  r0<A)  etirvox  in 
Figure  3,ih,  with  time  utter  Hxxiom  r^iAt  lx  tlm  ooeffioloni  lor  tha  oima avail 
data,  Tlm  nmnn  tlmex  of  aonilnnxiitlon  range  from  iibmil  an  to  no  xrmnndx 
after  flxxlon  nnil  ii(jrao  ronxmiiibly  well  eon*  I  fie  ring  tlm  muiUnr  In  Urn  data. 

Mora  prcalxa  dntn  would  pormlt  nxtlmntlng  Wm  friiutlonntlonnl  aondonxiitlon 
of  tha  iilknll  mntnl  element*  mill  avail  parlinpx  of  loillna  In  tha  onxa  of  nuiHH 


ntiMilifi’  1  MV .  VnwrvfMv  tlic  I'dMiiltn  of  l;lu  I rt  uLHrfiHl  HI vt‘  MttiiiHt >ntil »tf ■  vnlww  nl 
tin*  l.lmnM  nl  wlilcli  Hit1  nnin'kiniiiiil.liiii  minu rfru'l 


TIkj  mmn  I'tmUii't'  of  tlun  of  tlatu  iii^i'i'f  liiiitltiu  m  >iiht>  <hmI4i»h 
lilmt  lilui  I’i'iuiliitniMlilfiii  iuii*i'liii:T'«(  4»r  vwliiiWk1  vtii'y  .in  nonvc  «*vMwnm 

intinimiVHo  lilmt  If  .0110  wlomonl  >im  ilVniunitA»miui«Mi1  ml:)  ■Miihc'i1  '64tnw6mli»i  .-aw  liaoi 
rfucibltimcleml  tn  n  ifwotflied  by  4h«  «mpt<i«Mnl  aoivnt4nijfionti ,  itbiMinlwmiiMly, 

Uhci  molihocl  miuH'tw  £h«  mwibw  wf  .nil,  iicmm  ituito'-miMm  iiwwtw  <i>n 

uckilblort  !tr>  4h(«  iwfiilyiwn  -of  n  a,«lie*'flnfl&  inwailldn  ibnterw  'HI  -ciun  ton  nvuit  In 
■mako  .wtolmufam  oil'  :lilio  it'^mtblcmuiblcm  .rmmiliMtir  .u-r  .evfihufr  <niuieinur.>!lii«((»n .  In. 
mkliitldii,  !i  milTiiiit’iit  luimlnti.!'  wf  .miiaa  .numHnwa  '<ioiwoM>iHtv«  */M'.!tM(  inemonwwi 
(>7>F»rt5  which  In  ('isIjJtoiiIib  uhe  p'nSM  tlutmy  and  mho  ipoitotutiliill  tiomo  iflowm  ilrnilwtii,,, 

JPhc  •trttiif?  lnite,Pti*t  In  teiaticmulton  ita  Miaul  ionncswnw»  ilihe  iwlntimm 
■«r  ^(UUntftiimiiivtM  In  UMJiUiwt  item  ’KlUiioflUiv  wpill  mnillhwir  Whim  tem  'cinnnll  :nwh1 
'dcitnnBtiotia.  Sinno  i#he  .iniiwwiiiti'pBlit  ion  llowei?  itumiinHtiAlnimiv  Mum' 
lillieslum  okHIii,  Who  .itlwmtwlip  .fumdBnfnd  Mn  i|M>  ffuecill  spilitfciPltiB  ter  !fa 

name  woflipein  ytWUty  birvtia  'tinmpwiwiucin,  ttih*iiwltwin*>  ite  unutUcimntlil'vn 

milKtviirp  In  illWtniliti’  iJiilmil.  (HimtiCI  ^xbtbiit at  MllMowmil  Idirtlvmililnn  hihIim  'tllocuiy 
limn  ii|)Rt-*iH  .(imrniil  iiWlilmii.. 


Jibe  i«iHiS't’,#«B  'd|tmtii\ll|tjii4Hn  Ma 


iiiitdiiati ,  aa  -wtiDl  n*  'Ofhftr  :nrtrtlfiritB'Ctf  Milnufr.  wcin^  imatiihEia  anwfflM  .erf  iiiKlInnn 
iwHtaotnll  team  twit-  weniwin*  lietnnnilitKfi  ^nii  itihe  Miwiwflii  'ip, emit  HMtt>  ®m 

iWniwetuk  Mwing  MmiunHi.  'TOm  witMtioiaon  imoobcislii  nhti  idwstona  ewntoti  l_ 
ammiflewnibiy,  Whe  imMiojat'uClo  'tweiihnflB  MBtidl  u  tihro-vtil  nmdl  jjn#  ot  ai  tolm  amm 
in  (umimpaip  n  fuirtnoo  itojyw1  tit  •onb'tanwitttttafl  mmlll .  'PWlhoms  wand  rMicmita  tit  <oiUwiw 
Hpinmil  tih  llhte  iffi'bundl,  n  Wweeneir  and  (tout  wuhn,  pan* ,  ipw§»  (('WlHlb.iBU1  wlilihwiiit 
ipliiBlilc  9inm*») ,  'tatuyS ,  anti  iffutn  mml  ipmiicr.,  tPhe  unowt  .eUDitootTUtn  imuuhwilB  7i«rtBM,#i«ti 
•at  tiritUteteBJihBit  Kqiwitiiil  «nti  valnMil  iBWtem'«Wcm!lil,iy  %  nm  .M  mcMHm  imdl 

MhMfl|4PM0f0  'tmU'pMiiwi  weaitteff -Wh«jptt  >npnm  tet*  ifiitotti 

•mdttMdlWi  ((miihwcs  tym  'tinnipeti  In  uditepit' m  ftii|p  iwiiWlMf  tit 
nmaily  an  cl  uptomBtacuti^y,  for  it  ipe  -'ant  phnut  lotmn,  ^n  irrnniifiCI  |»nnsyij«jT  w  ~ 
ipnoinil  'film*,  >M1  .trtbwfi  .vwid'K >d]@«4|im«dl  in  'tisvllntrt Ihn  ipamtiHile* itiunnaUly  >tVnm 
Ihii  mjr  %  'tinftwtns^bem  untn  HMtewi-..  :Tfc .annllf  fetiti  Imw  ww  temllr 

jm  'PtiiH  nw BTSTnipl  tin  'onl'lw'toti  %  n  'viynlti^y  .erf  ilihHBe  iruvwliboCla . 


Slntie  tmoli  mtitlhnCl  linn  Mi  -mn  pticifliw  'ti«#«ctiilnn  tetta  imiMi  f Kdpeot 
-fei  (Oho  Nuawaunidtng  toiwatnripnrthhltly-flfmf'igRVti  n  «M^j^wn«i«l«4hw  Bitm-pfe — 
limn  'the  Ihwvol,  fUiwovoi',  ih®  ahovnl  anti  i(lho  iwowmCI  'tiwitioa  :pw  anwipkia 
fhat  (inntiiitniifl  itrimli  iinn^fnil'lmii  ‘dltthpla  .cniinpo  wimipUmt  mw  uwi  'MaoPnil .  cmeicspt 
I'tH’  -SOTtfttn  tyimS  Ttrl'  aiialyHBSt  $*tnoo  l:t  -Ui  f > ttv'-i i<ii iwl-,v  'I'mifMiSalbl't'  In  linjnn'f'ti'lin 

ttUianly  tho  ’Cwilenri.dtuom  nbNiaWtiat/i'inl  wirtwwrtl  In  a  wintutaWk  ipni'indl  «r  #n»'p. 


an 


TjM*  «.!« 


OOMPARJiON  OF  UiHUOAL  PRACrKMATlDN-OOlllllELAriON 
PAMIIBTEM  WJTH  MTVIATIED  POB  OONTDENflATKIN 

OP  ALKAIi  AWO  AIJIAUNH:  E  ARTH  EI*KM BKTfl  OF  MASS 
CHAIN*  $  %  m,  MD  14-9,  AT  IPFCIFIED .  ' 

mini  aftkr  motion 


'  Tin  ih#»  aa  mmtkmd  prartoueljr,  mmmtM 

a  mu&vbm  Umm!  «/USt  Mild  os  MJaHMnai  outtolt  iia*.  sftilnm 

1 1  r'^i .'  B^Wstty  rairtitB^  mi  eto$*»s$»i!  ffwnbtrt.  Tbrae  mIimi  were  ilw  birtnl 
m  to  toe  UmCtotooM  ofito*  i^ten&Hty  of  ibe  praaOTira  «m  will  m  beetui* 
ef  Itafe  of  ittOMU  •  -  — ■ _  _  ■ 

Twa  totototo  win  uood  to  towmfy  rad  mkm  tot  redfcwmu 
pnrodUw  Craw  mourn  tewttra  bwHoIw  wised  witfc  soil  w*wri*l*=  «*  wWtod 
tr&s  to  to*  «emf&  mti  item,  «*&  Fiwatoaa,  wtik  m  puitoltf  •  rarrair  • 

raptor  or  pant  ectotUiittw  etwstor  ntntlfl  to*  putedlrtded  fraetorae  awtototo* 
tbs  radUratMto  jmrtStto*  osr&Jd  tee  vtowrdl  eraUp  under  •  Iow*prar  btoooidar 
ntoraerapA,  The  ndtawUft  pwtJeto  «r  putlelM  raald  Uwe  be  tofcattfttd  bp 
Mr  d4F8w»tira  «Rpmrww«  mi  manually  wnwwl  mi  wrwred  far  *mvu?. 
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Th«  wn/iiw!  muihod,  i»it«r  very  small  ,  involved  <Ms> 

irlbvllii  (he  particle*  on  (he  took#  of  photographic  sheet  (Sim  «pr#y«!  wllh 
liquid  plastic.  After  allowing  *n  appropriate  exposure  tfm*.  (be  lilm  was  devel¬ 
oped  *nd  fixed  l*y  brushing  th*  developing  and  fixing  solutions  on  (he  emulsion 
aide  of  the  film  without  disturbing  (he  particle*  on  fhe  reverse  aide.  The 
radioactive  particle*  then  ware  locale*!  with  a  lew-pewsr  binocular  microscope 
by  the  dark  area*  of  the  exposed  film.  Doth  stripping  film  and  slngl* -coaled 
B-ray  film  wer*  found  suitable  for  thl*  method. 

The  Uiln  naotioui  of  Individual  fallout  partloloa  were  made  by 
easting  (he  particles  In  plastic  cylinder  a,  using  Paraffin  molds.  and  bake- — , ; 
hardened  at  are  die  end  or  the  cylinder  wee  then  ground  down  with  a  motor 
driven  iron  wheel  using  carborundum  abrasive  until  the  center  portion  of  the 
particle  was  avowed  The  exposed  surface  wan  then  polished  on  e  fixes  plat* 
and  cemented  with  Canada  Balaam  to  a  flees  microscope  elide.  Then  the  ether 
end  of  tits  cylinder  was  ground  down  until  the  thin  section  of  partlols  and  plant!* 
remaleinf  was  about  30  microns  thick .  The  thickness  of  tie  thin  section  wae 
eeumated  by  omwmnf ,  with  the  petrographic  ndereeecpe,  the  birefringence  of 
groin*  of  quarts  placed  In  the  plastic  alone  with  the  fallout  particles,  At  the 
required  thickness,  the  quarts  shown  x  g rsyioh-whit*  or  grey  interference  color. 

The  distribution  of  the  radioactivity  within  the  thin  eecoiww  was 
,  determined  by  radiograph  teofciiiquM  tislng  Eastman  HTE  stripping  (lima.  For 
this,  the  thin  section  was  cemented  with  a  gelatin-alum  cement  or  taped  to  the 
heck  cT  (he  dim  during  expoaurs,  /  ‘  —  " 

The  paragraphic  mloroeoape  with  and  without  polarlied  light  was 
used  to  five  Information  on  (he  crystal  struoturo  and,  in  acme  eases,  the  ohent- 
Icwl  composition  of  Urn  particles.  The  crystal  structures  were  also  Idsotlfled  by 
X-ray  diffraction  aaalyiie,  j  ••  •" 

The  else  sad  oompceltloo  of  sea  water  fallout  partlolee,  was  dstermlned 
by  use  of  a  special  reagent  film  developed  fcy  Farkm*1  which  served  both  set  col¬ 
lect**  ear  fane  and  aaalytteat  dwles.  One  of  lie  advantage*  was  that  the  particle* 
could  be  analysed  »«  aitu  and  involved  no  sample  recovery  problems.  In  order  to 
keep  (he  lilm  from  being  saturated  with  water  drops,  piece*  of  the  Him  were 
usually  exposed  by  use  of  a  eyoUng  collector  and  each  piece  of  dm  surface  woe 
stmesed serially  for  a  pre-set  tt«#i  U*s*e  collector*  used  a  circular  piece  or 
film  about  3»in,  In  diameter.  ( 

present  in  a^iW^^cle^  prapaiSlylraprafiialliif  CBS  side  ol  s  commer¬ 
cial  gelatin-coaled  Him  (such  as  Eastman  Type  K~50vi  with  rod  silver 
dlchromate  The  film  area  over  which  the  reaction  occur*  was  saally  measured 
with  a  microscope  IIik«  (be  reaction  area  for  a  given  film  preparation  w** 
found  la  be  proportional  io  (be  rnnmmi  of  Volubin  vhlorlw  preasaf  S  drep 
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ol  fallout,  It  was  poteible  Ui  dotormfne  a  calibration  curve  for  each  film 
preparation  and  Uiua  to  determine  the  amount  of  chloride  In  other  drop*.  The 
method  waa  useful  In  the  determination  of  I  to  10  *  mlorograma  tug)  of  sodium 
chlorldo, 

The  chloride"  sensitive  reasent  film  waa  also  useful  In  determining 
the  water  content  of  die  drop#.  The  maaaurement  depanda  upon  the  presence 
of  eome  very  email  Insoluble  part  Idea,  suspended  (a  the  drop.  Kaoh  drop 
apraad#  over  an  area  of  die  film  related  to  it#  volume  and,  when  dry,  die  solid 
residues  remaining  (called  an  "artUeoO  forma  an  outline  of  the  maximum 
apraad  of  the  drop  auoh  ee  that  shown  In  Figure  2.10.  The  film  can  be  cali¬ 
brated  by  au  spend  log  eome  insoluble  aoltd  panto  lea  ip  atendard  ohlorlde 

solutions  end  eeplratlng  the  mixture  on  the  film.  The  ohlorlde*  reaction  ere* - 

determines  the  water  content  of  the  dropt  the  area  of  the  irtifaot  if  then 
manured-  This  technique  meeeuree  water  volumes  aa  small  aa  0.1  micro*  ^ 
mlorollter  (m* ).  Comparative  vtaual  ttandarda  u*e  aluminum  oxide 
fufpenslone  prepared  for  estimating  the  amount  of  solids  present  in  Ui*  residue, 

*4  Properties  of  fatal!  fallout  Partlelee  from  Detonations  el  Weapon*  Teats 

•aver*;  propertlesjd  fallout  particle*  oen  be  Inferred  from  the  Inter- 
aettane  of  the  radiaitementa  with  biological  systems  auoh  ae  the  uptake  of 
certain  f  las  tee-product  elements  by  plants  and  animal# ,  Data  on  thee*  biolofioal 
reactions,  the  physical  properttas  of  Uw  fallout  partloi**,  and  ground  distribu¬ 
tion  of  the  smaller  fallout particles  from  nuclear  detonations  (mainly  from 
tower  and  bailoon-eupported  taat  dnvioes)  have  boon  eummartasd  by  Lareon  end 
RtalP1  sod  tfmhlte,  Romney,  and  Lerano?9  The  baaio  InformetJon  wte  derived  jl_ 

from  date  eueh  ae  tbosa  reported  by  Bellamy?*  Rainey,  *  and  Ltedberg,” 

(•a*  Referaneas  8«  and  20  for  a  rnora  oompleta  bibliography  of  mirfeera  aon* 
irtbuttog  to  the  data  on  than*  subjects,)  -  r  f, 

the  phya loobemlonl  properties  of  the  fallout  partlelea  Inferred  from  '  i 

these  data  that  are  of  main  Interest  hers  are  those  that  describe  the  fallout 
formation  proeee*  with  remaeet  to  the  disposition  of  Individual  rsdtoeluraeota 
(n  the  fallout  partiolM  for  dlftereni  aondltioaa  of  detonation.  Bata  describing 
the  eontsmlnation  proa# «•*•  are  alao  very  Important  In  understanding  th# 
entire  fallout  prooeas(  including  the  major  factor*  that  determina  tha  fate  of 
th*  rmUbalementa.  Radmelementa  which  are  condensed  bn  the  eurfie*  of 
fallout  partlelea  <i.eM  are  not  fused  tn  the  tnteriore  of  th*  partial**)  are  avail* 
able  for  uptake  by  plants  and  animals;  thus  Information  and  date  on  uptehs 
prooewtea  also  provide  information  about  the  fallout  formation  process  and 
the  contamination  process. 
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Tlirn*  hit  three  nullin'  p/dh*  l*v  whleli  o  nidlouli'iiiiml  mrrlud  liy  Itillool 
pnrlMi1*  Imtiiiiu'k  incorpftr  tiled  Inin  nnlnml  lln*uo,  (Mu  Involve*  dissolution 
In  wnier,  irmiMlrr  in  Ilm  root  zone  of  plnnta,  uptake  through  (he  root  system  to 
the  plant  lop*,  and  thence  Hilo  the  nnimnl  dial  cal*  any  part  of  (hr  plant,  The 
second  pntli  Involves  (ho  ill  rout  naalmlinllon  of  I  ho  radioalcmonl  liy  tho  plant 
leaven  which  arc  i hon  onion  by  an  animal,  The  third  path  la  tho  direct  Intake, 
whon  oaton  by  the  nnimnl,  of  tho  fnllmtl  pnrtlolon  that  romnln  on  tho  nnrfaoo  of 
plan!  lee  von  or  other  parts  of  tho  plant. 

In  aonornl.  lhc  illnnalutlon  proeeaafnr  iho  incorporation of  n  rmlloole- 
moni  Into  tho  pnria  of  plnoin  occur*  In  Mirtrnl  (or  at  monl  slightly  neldle)  wator 
systems,  The  pansihlo  cxuepttan  to  thin  process ,i« i.  rndlolotUno,  which,  Ih  nlr, 
tend*  tovolnUlIno  no  rnplilly  as  It  la  formed  by  the  iloony  of  tho  tel  In  r  Mint  ~ 
imrrnt.  In  tho  vapor  nlnlo  radlotodlno  onn  ronot  with  nnv  nearly  organic 
njntcrlal,  especially  l|y  addition  to  unialurated  hydroonrlmnn  such  ns  a  loaf 
surface  or  ilooayed  orpnnlo  mailer.  Thin  behavior  should  dilute  the  rndlo- 
l(«llrw  concentration.*!  In  Urn  plants  (relative  to  tho  other  elements)  and  Spread 
■  tmnafer  through  tho  nlr,  . .  '  ,/i_ 

tty  oonlraat,  tho  dissolution  prooonn  for  ilia  uptake  path  involving  diroot 
Intnko  into  nn  animal  that  onto  tha  plant  pnria  on  which  tho  fnllaut  partlolon  ~ 
are  deposited  proceeds  In  neldle  water  ayotomn  of  tho  animal**  digestive 
Intel,  tteoauae  tho  atomnnh  fluid*  arc  neldle,  thin  rilreel  path  should  roaultHn 
n  maximum  transfer  or  ratlloclemenls  from  a  fnlloitf  particle  (or  group  or 
pnrtlolon)  Into  tho  body  tissues of tho  animal. 

"  .  ..  '  -v  '  ii  -  .  .  .. 

Tho  proas  fission -product  uptaho  by  radishes  from  a  subsurface 
dtilonnllon  at  tho  Nevada  Toot  Sits,  la  found  by  Mishits,  nemney,  and  lnritan*u 
mi  '•ary  from  0.®0S  ta  o.flrtft  percent  (based  on  bats  nativity  mensursmonta). 

Those  sulhora  also  roport  tha  uptake  by  rad  alover  prawn  in  soil!  eontaminnlud 
19  fallout  from  n  (MHWool  tower  detonation)  ths  uptake  varied  from  about  0.00! 
in  0,01  porosnt.  In  tho  Inltor  oase,  ths  rad  alnvs r  uptaho  was  1  reals r  from  tho 
soli  contaminated  si  tho  larger  dtstanee  from  ground  where  the 

•msllsr  fallout  partlolca  landed).  As  might!*  expected,*/,-  amount  of  uplsho 
wns  found  to  be  dependent  on  the  plant  opeeles  and  ths  soil  typo,  _  . 

hi  the  araas  on  and  adjaoont  (n  the  Nevada  Test  fllto,  vegetation  retained 
prwlomlnnlcly  part  loins  with  dlamotors  less  than  44  mlarons,  Also,  the  pros* 
solubility  of  the  fission  produata  on  pried  hy  these  partlclca  from  towo  remounted 
detonations  was  found  to  vary  from  mo  rift  percent  in  0,1  normal  MCI  (0. 1  normal 
MCI  Is  approximately  the  acidity  of  digestive  fluid*)*'*1  fin  Mile  bes)§,  ih- 
,Ri(ahi>  ip  animal*  foraging  on  clever  whose  leaves  we  reuimtsmlnnied  by 
fallout,  ns  compared  to  foraging  on  now  0 lover  prawn  on  contaminated  around 
(Nevada  Toat  Nile  tower  detonation),  would  range  from  a  tout  ,1,(100/1  to  oono/i 
If  the  ulovor  covered  100  percent  of  the  ground  nnri  the  parttcloe  were  <14  micron* 
or  lean  In  diameter. 
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TIm<  vii liin  nl  Hu  ii  litilw  uptake  would  vnry  with  In)  I  he  II mi*  nlli'l' 
i  In)  i  mn  I  Inn  mid  period  nl  i>K|u>Hiiri> .  (It)  Ihn  pni'llele  slues,  («■)  Ihn  Imnllim  nl 
area  nnvi't'nil  by  htlliiKn.  find  (d)  Ihn  woollier  eondlllous  ftiuwii  I  linn  during  (lin 
period  under  onrisIdorDlinn,  The  (lit  In  i  ill  purl  Inin  relonlton  liy  loHngo  urn 
dlseusHod  morn  hilly  lit  Keel  I  oh  a.fl,  AUhiniKb  Ihn  dnlfi  npply  only  In  n  lower- 
typo  detonation,  Hip  magnitude  nf  thn  rolntlvo  uptake,  nvnn  ns  n  maximum, 
suggests  Hint  lhf>  dlruoMiptnko  path  would  also  predominate  for  Ini  lout  I  ronv 
Inrgn  ylnld  nnrfnnn  ilnfrmntlnuH, 

Thn  major  iwnlriliuHnit  rinliunlnninfitB  fmirlil  In  thn  fissile  of  riihlill#  iiiul 
rodents  taken  from  ureas  near  the  Nevada  Teal  Hite  on  whloh  amnll  fallout 
particles  deposited  within  the  first  day  after  nJesi  dotohnUon  Include  Iodine, 

•l rent lum,  yttrium,  ruthenium,  oeilum ,  barium .  and  cerium.™  The  tissue 
concentrations  inereased  with  distance  from  shot  point  up  to  n  maximum  and 
then  decreased  again"11  The  maximum,  tissue  ftiiteoatr  a  fl  oti  s  g  one  rally  qoouthhI 
at  locations  whore  the  fallout  arrival  time  wile  about  Si  to  It  hours  ftftC  r  d  v  W'/Mli  In  fii  < 
These  data  Indicate  that  the  fraction  nf  the  rwlloetemonts  on  thn  exterior  of  the 
partioles  available  for  uptake  increased  with  decreasing  partiolo  sum  more 
rapidly  than  the  total  amount  of  fnllout  deposited  decreased  with  dlfltanop,  up  to 
some  distance.  At  farther  distances ,  the  decrease  In  Iha  doposll  level  pro- 
dnm mated,  and  thp  amount  or  uptake  alto  decreased  with  downwind  distance, 

lliiciloiudinu  was  found  lo  bo  (10  to  90  percent  of  the  activity  In  Hie  thyroid 
tissue  of  native  rodents.™  The  rAdloolemsni*  found  In  the  lame  tissue  of  .look 
rabbits  at  about  80  days  after  «  lower  shot  are  listed  In  Table  8,11  In  whloh 
a  few  of  the  data  given  by  l, arson  nnd  Neel*"  have  been. converted  to  number  or 
atoms  an, 1  approximate  fission  equivalents  taken  up  and  dopes  Hod  in  the  bone 
tissue,  The  relatively  low  uptake  factor  of  yttrium,  ruthenium,  and  cerium 
(loaf  column  of  the  table)  is  probably  this  to  bntlu  lower  solubility  In  the  rabbit 
digestive  trseKsspeolfllly  If  the  r,  (A)  values  are  assumed  lb  be  current}.  and 
n  lower  retention  of  these  elements  In  the  (tone  llsaue  of  rabbits,  ; 

The  main  point  of  the  data  Is  that  the  listed  rndloelements  were  dissolved 
by  the  aaldia  digestive  tract  fluids  from  small  fallout  partioles  that  pass  through 
ths  gut,  other  radloelements  In  fallout,  but  not  Hated,  presumably  were  not  ' 
dissolved  In  appreeiaUlt  or  sipIfLnnl  amounts,  The  listed  elements  are  those 
expected  to  be  depleted  In  the  larger  fallout  partioles,  Anri  enriched  In  the 
smaller  fallout  particles,  relative  to  the  other  refractory  type  fission  product 
elements, - -  -  .  .  ~ 

The  effects  of  detonation  conditions  on  the  properties  of  fallout  can  be 

lllustrutsri  bv  pompnrlmmi  bctwppn  thp  data  on  fnUriUt  from  tiftlhmtpEiUppnrtprl 

deviocs  0,e, low  air  bursts)  and  lower-mounted  devices  (l,e,,  nonr-surfaoo 
hursts), '**  The  total  amount  of  local  fallout  deposited,  up  to  nhout  son  miles 
from  ground  aero  nl  the  Nevada  Tost  Silo,  from  lower  detonations,  ha*  Iwen 
observed  to  be  !I0  to  over  1011  limes  the  amount  observed  for  air  Itursls,  Those 


lower  fallout  imposition*  from  the  nil'  bursts  reflect  t.lm  fnoi  Unit  thu  sir, us  of 
the  fallout  |m rtioluM  formed  In  thu  ulr  burst  nro  vury  small  uompnml  to  tlionn 
formed  In  tho  mini-  aurfnuu  buret.  For  iisamplu,  In  some  fallout  samples  from 
tower  detonations,  about  DO  pnrcumt  of  thu  snmplu  nullvlly  la  found  on  particles 
with  diameters  lone  than  44  microns,  and  ne  moult  as  1ft  pc  count  on  particle* 
with  diamatera  less  than  0  mlorone.  In  eamplee  from  r  balloon- supported 
detonation,  of  similar  yield  and  buret  height,  about  70  percent  of  the' activity 
ie  found  on  particles  with  diamutere  leee  than  44  mlorone,  and  ne  munh  ne 
B8  percent  on  particles  with  diametora  leee  titan  ft  mlorone, 


The  average  fractionation  numbere  of  Rome  radionuulldee  In  fallout  from 
some  tower  and  balluon- supported  detonation*  are  given  In  Table  a.ia,  rolativu 
to  the  refractory  Zr«l)5  nuclide  and  to  the  mass  chain  ylolde  for  thermal  neutron 
flaslon  of  U-iiOfl,  The  value*  wire  derived  from  tho^lnU  of  Ur  eon  end  N««lulf 
end  preeumably  apply  to  particles  with  diameters  leee  than  about  too  or  aoo 
microns  having  moan  diameters  of  about  ftd  mlorone,  The  values  of  the 
fractionation  numbers  for  the  fallout  from  the  lower- mounted  explosions 
suggest  that  the  Zr-M  condensed  more  completely  than  Uie  other  nuolldni 
on  the  larger  pa rtlolee,  and  that  the  nuolidee  8r-8tt,  8r-iio  and  Ru- 1011(10(1) 
did  not  aondense  completely  on  the  particle* erne groups  >n  ine  observed 
samples,  The  fractions  of  thoae  three  elements  not  obndeneed  would  then  be 
concentrated  on  the  very  email  pa rttoUi  andDa fried  to  much  greeter  distances 
SWsy. 


Tho  same  general  statement  applies  to  Iho  fractionation  numbers  for  tb(« 
fallout  from  the  balloon-supported  detonations,  except  that  the  mean  diameters 
of  the  particles  In  iho  atimploe  must  hove  been  smaller  and  that  the  Zr«l)B  Is 
more  depleted r  Thus  there  may  be  even  a  higher  degree  of  sopa ration  between 
the  very  refraolory  and  the  volatile  fission  product  (dements  In  the  fallout  partlulos 
from  an  air  burst  than  In  the  near- surface  burst  fallout  particle*,  Possible 
cfusf  s  of  this  sepa  ration  are  (T) «  lower  oonoanlrotloiv  of  rvu liable  liquid  nr 
■olid  Surfaces  in  the  air-buret  fireball,  end'  '(8)  a  opr  respond  ing  delay,  duo 
to  lower  vapor  pressures,  in  Uia  selective  oonciunsallon, 


The  gross  solubility  dstn  In  terms  of  gross  hotn  count- rate  measuromanls 
of  the  radioactivity  in  some  grime  ful lout  samples  under  eovora!  different 
detonation  conditions,  from  Iho  daln  of  Larson  and  NoulUH  nro  given  In  Tallin 
9,13,  Although  the  time  of  inoasuromuul  wu*  nut  given,  but  Is  presumed  to  he 
about  2  weeks  or  so  after  detonation,  the  general  magnitudes  of  the  fraction  of 
the  activity  which  was  soluble  dourly  show  that  the  nuoiidos  In  the  fallout  from 
the  sir-burst  detonation  were  thu  more  soluble.  The  higher  solubility  of  the 
activity  In  water,  for  the  ulr-  bu  rat  fallout,  suggests  that  many  mere  of  the  flsslon"- 
pfoduol  radionuclides  worn  condensed  on  the  miiiaces  of  the  particles 
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AVKHAQK  KHAPTIONATION  NUMHMHH  n|r  RAl>!<)NUrMI>RS  IN  C'A Mn< JUT 
rnnM  TOWIOH  ANn  nAI,U)ON-«UPPOHT|!!l>  (INTONATIONS  AT  tun 
NNVAnA  Tim  BITE 


Nuclide 

H(l)h)' 

Tower 

Hal  loon 

Sr-8l)  ’ 

0,32 

-  1,8 

ir-pti 

o,nn 

Y-Bl 

l!-  -■  1,4 

2,8 

55r-0R 

t.o 

1.0 

Hu-lOS(lOfl) 

0,48 

3.2 

na-140  —  .. 

.  '  1,4 

3,8 

Ce-14l(144) 

1,4 

M 

n  ReliCtlvo  to  tlip/ylelde  for  thermal  neutron  Heelon  of  tJ-artn. 
\  .../  ■  Table  8.1H 


Percent  Activity  Mofuble* . 

Particle  Slats  1 

Type  of  Detonation 

in  Hyd 

in  0.1N  MCI 

(mioron# 

Underground 

5,4 

28 

0-44  ■■■ 

Tower-Mounted 

-a- 

14  to  30  -- 

0-44 

l 

0 

44-oaloo 

flallocri -Supported 

14 

00  “ 

0-44 , 

— '  £-y- 

31 

so 

44 -OK  100 

n,  Haaod  on  beta  uaunt-r&te  mMeurtmeritl  (preeumably  nt  about  li  wook* 
after  detonation), 


than  were  oondenaed  in  thin  manner  In  the  tower  detonation,  The  higher 
solubility  of  the  activity  in  add,  uspeuinlly  for  the  air  hurst  fallout,. may  he 
partially  due  to  diaaohition  of  the  primary  Iron  oxide  or  alumina  partlolee, 
However,  the  very  high  ■nl.ubiitty  in  both  water  and  arid  of  the  radioactivity 
on  the  larger  partlolea  from  the  air  buret  auggeata  almoat  uontplofo  aurfuot- 
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I'ondenaatlon  of  IJh1  rndlmiui'lldi'H  im  Ihi'Hi*  liii'giT  |hiHIi'Iun  ill  tide  filin'*,  Hllirc 
h  ntiriil  rii'imt  friirthm  nf  (lii'ae  |inrllrlrn  wrri1  gru'lna  of  null,  n!  will  eh  muni1  hud 
iMinn  mi'Ki'il.  The  auliililllly  id  tln>  iicllvlfv  mi  (he  purl i**Ic*m  from  the  tower 
mounted  rli'inmitloiiH.  mi  <h*.  other  litiivl ,  doomumid  will)  Inm'iiMlng  inirlli'le  nine. 

Fallout.  partlnJoa  with  dlumntnrR  nf  goo  In  20t)0  micron*  from  low  lower 
detonatlona  niton  have  negligible  BHlubilitiPa,  In  wafer  nr  even  In  aiming  aclda.** 

The  groan  solubility  rime  nn  the  radioactivity  from  small  fn1Jnt.it  partlt'lea 
lodged  on  foliage  after  Rome  lower  rtetonnllRna,  hr  Ink  mi  from  Honincy  mid 
—  eewark^i!**  are  given  In  Table  2,14,  The  sflluldllty-wna  mcasured-by 

a  impending  O.fl  gm  RRmplen  of  dry  .plant  miiterlsl  In  1  o  ml  of  0.1  inirmnl  HO  t 
after  the  eampios  have  boon  ritiioaaMyed,  The  Ruepemalon  war  then  tahitken  for 
20  minutea,  eentrlfugeri  for  3 6  minutBiB ,  and  the  auperwalaift  acalutlnn  RopnrntwJ 
by  filtration, 

Since  'the  data  Jo  mil  Indicate  a  cihnaiatnnt  trend  fir  anlubUity  with  riinlnncie 
from  ground  aero,  average*  were  calculated.  The  average  feitMtleii'nriLlhe" 
activity  dlaaolved  w.a«  the  aanic  (24  percent)  for  the  Apple  ahotB  detonated  on 
— ..  ■  800-tbbt  towerei  It  was  smaller flfl  pefcSMTbr  (he  Mrt  "shW'iMisnated  e«  »■ 

400»foot  tower,  The  data  auggeat  that  the  particle  «Irp  rota  Inml  by  the  different 
~rf“  -  ;J  ~  plant#  wan  about  the  aames  (hat  i».  the  type  of  foliage  waa  not  a  d nmlnant  factor 
*  ' — dfl  either  the  groia  aolubllity  or  biological  uptake  potential  of  the  rofhlnod  -  ”  ■ 

.  fallout.  --  - 


The  redistribution  of  deposited  fallout  ahould  depend  cm  (i)  the  type  of 
~*ojffaoe wwltioh  the  pirwelea  lurid ,  (I)  the  alio  of  it®  purtielta,  (ID  W  amounr 
and  frequency  of  rainfall*  and  (4) the  aurfaoe  wind  ejfmditlona,  The  ecMmWnwl 
„  t»  of&rn  boiled  ''wpthortsi,''  On  land  sr*»*,  the  owmMnrt  effects  of 
weathering  proceaaea  are  found  to  be  rather  imall,  even  for  the  small  fallout 
partlolei  from  which  a  larger  fraction  of  the  radlonuclidea  arc  soluble,  After 
nlna  years  on  undtaturbariioll ,  fallout  from  the  TrtnUy  Jhot  fNew  Mexico)  was 
■till  confined  to  the  suffice  two inches  of  aol!,*"  : 

fteavirvcy  datn  from  the  surface  and  underground  shots  at  Operation  Jangle 
(Nevada  Teat  Site),  after  exposure  to  winter  winds,  mow,  and  spring  rnlna, 
Indioited  no  algnifieant  change  other  thaiHhat  due  to  rarilnHetiviirdeeny,1'® 
Radiation  measurements  taken  during  operation  Castle  (ISniwclok  Proving 
i!  Grounds)  In  IBM  on  the  lalanda  of  several  atolls  (before  and  during  hen yy  ...  ■■  ", 

—  -  —  wins  far  several  months)  show  no  deereage  thatrooutd  nut  ho'  ncmiMidrcd  fnr  arm 

the  baila  of  radioactive  decay,®  nunrttii|i',T  and  Ijapp^1  erroneoualy  Attribute 
the  rapid  dncrcnari  In  the  gumma  rndlntiona  during  the  flrat  year  in  n 
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Tit lilo  8,54 


minus  SOUMIILITY  OK  ACTIVITY  FUOM  SMALL  fallout 
I'AHTICLKH  LdDflKD  ON  PLANT  FOLlAuH 


, 

Plunl  Typft 

_  .  i  > .  - 

lliatanoe  From 

0 round  Zero 
(miles) 

Fraction  Diwolved* 

In  1 

0.1N  HCL  • 

i.  Shot  Apple  i  (14  kt  on  nod  ft,  TSorarV 

Artemlila  (Sagebruah) 
Ephedra  (Mormon  ton  built) 
Ephedra  (Mormon  tot  built) 
JUnlperui  (Juniper) 

IB 

40 

■  -•  '80  . 

109 

AV* 

o.ao 

0.87 

0.18 

■  0.88  : 
tfgoi  .  0.84 

8.  8hot  Met  (88  KT  on  400  ft,  Tower) 

Larrea  (Creoaoti  buih) 
Larrea  (Crooioti  buih) 
Modloago  (Alfalfa) 

'  80 

.  140 

Ave 

-  o.ao 

1-  0.08 

0.14  - 

raget  0.10 

8.  Shot  Apple  II  (88  KT  on  80Q  ft,  Tower) 

Trltlowm  (wheal) 

Trlileunt  (wheat) 

Trltlenin  (wheat) 

..  "  f  ,  ■ 

40 

100 

. . Ave 

'  0.10 

0.17 

—  0,88 
sagei 0,84 

-  ;xv 

i,  Baaed  on  beta  oouni-raie  miaiureffiinti, 


weathering  fiiolnr  nf  0,4  duo  to  the  first  heavy  rhliis  10  In  HO iIii.vm  idler  I  he  Ill's! 
dctpnnllon,  apparently  by  eompnrlson  with  nn  liumimiprhde  decay  curve,  Thin 
min Int.A rp rn t At i on  has  nlso  been  noted  !s.y  Knapp'"  In  dismissions  of  thin  null, loot. 

Experimental  measurements  reported  by  MUIor  and  Holtumoler on  sol¬ 
uble  rsdianuallde*  deposited  on  sail*  through  whioh  water  haw  passed  gave  an 
average  leaching  depth)  for  fir -89,  of  o.?n  Inch  after  pan  Ming  DO  Inches  of  water, 
and  l.fl  Inched  After  padding  DOO  Inchon  of '  water.  The  movement  of  Cm- 1(17  Id 
found  to  ho  only  0,8!)  Inch  after  passage  of  .'too  Inched  of  water,  even  In  sandy 
moil.  iArsOii  ami  Heel*®  report  penetrations  up  to  Q,a  Inch  after  the  passage  of 
84  inches  of  water i  th#  source  of  the  activity  used  In  the  experiment*  was  not 
specified.  ' 

These  data  dhow  that  the  soluble  rndionUolttlee,  In  almost  all  onsaii,  would 
be  absorbed  by  the  top  Inch  or  two  af  soil  pamules  and  remain  there  unions  the 
whole  layer  eroded  away  in  heavy  mins,  nut  oven  in  this  onso  the  nuclides  would 
remain  attached  to  the  particles)  the  fraction  of  the  nuclide  soluble  in  water  in 
flush  conditions  would  be  negligibly  small,  The  studies  of  Thornthwalto,  Mather, 
and  Nakamurn41  show  that  many  rain  cycle!  would  bn  needed  to  transport  the 
activity  farther  than  about  two  inches  below  the  surface  of  the  soil,  filneo  moat 
of  the  radioactivttyon  the  larger  fallout  parti  doe  would  to  fused  Into  the 
particles,  the  only  way  it  could  move  Into  the  soli  Is  by  mechanical  mixing,  as 
ocoura  In  the  plowing  or  discing  of  agricultural  lands. 

The  trane location  of  fallout  particle*  on  land  areas  by  wind  occurs  to  a 
email  degree,  The  experience  in  the  Nevada  Tost  Site,  (under  dry  conditions) 
where  excursions  In  th*  fallout  area  were  made  by  experimental  crows  to 
recover  fallout  eamptes,  wae  that,  for  entries  during  the  fi  rst  day  after  a  detona¬ 
tion,  clothes  became  contaminated  with  small  fallout  parlioiee  due  to  the  stir* 
ring  up  of  surface  dusts  and  brushing  against  desert  plants,  but  that,  for  entries 
after  thu  second  day  or  so,  only  the  bottom  parts  of  ahoes  (or  tootles)  picked  up 
fallout  part  felt  I,  Apparently  the  ■mall  particles  toeoms  ndsortod  nr  physically 
attached  te  larger  particles,  or  otherwise  toeoms  mechanically  trapped  by  the 
surfaos  sol!  grains,  " 

Movement  of  large  particles  by  the  wind  Is  usually  small  because  the 
larger  gravity  force  retards  such  movement,  However,  particles  In  the  ulna 
range  of  about  100  to  900  microns  drift  more  easily  than  pnrtlolas  of  other  dia¬ 
meters  if  the  surface  wind  speed  is  In  excess  of  about  10  mph,  Those  pertlalee, 
if  dislocated,  nrny  carry  with  them  small  attached  fallout  pnrtlclos,  Data  from 
experiments  at  Camp  Parks,  California,  reported  by  Sartor  and  Owens''9  in 
whiah  partiuies  with  diameters  from  nn  in  nun  microns  (tagged  with  na(Ui)-l4») 
were  deposited  on  various  typos  of  surfaces  showed  that  tho  movement  of  tho 
particles  on  unpaved  areas  and  on  tar  and  gravel  roofs  is  Insignificant,  even  for 
wind  speeds  up  to  80  mph.  The  movement  of  the  pnrtlolos  on  and  from  paved 
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ureas  la  found  to  be  quite  large i  tho  particles  apparently  moved  In.  the  wind  by 
happing  and  by  rolling  over  the  smooth  surfaces,  although  very  few  particles 
were  raised  higher  than  (1  or  4  Inches,  They  did  not  Jump  over  curbs  but  were 
deposited  along  tho  gutters  and  in  depressions  and  behind  low  obstructions, 

The  fraction  of  the  original  ionisation  rate  remaining)  as  measured  in 
the  oentsr  of  a  street  and  in  the  oenter  of  a  rather  largo  area  of  asphaltic  con- 
arete,  le  plotted  In  Figure  3,14  as  a  function  of  the  total  wind  vector  (Including 
only  winds  In  exceai  of  10  nrtph)  that  occurred  over  ft  ten -day  period,  Further 
data  of  this  kind  on  other  particle  sizes  arc  needed  to  establish  whether  the  ... 
data  of  Figure  a,  14  are  representative  of  the  reductions  that  could  ooour 
generally  In  the  ionisation  rate  at  locations  of  interest,  The  reduction  In  the 
ionisation  rate  for  both  areas  in  the  first  four  days  (wind  vector  of  306  miles) 
was  equivalent  to  a  decontamination  of  about  00  percent i  some  of  this,  of 
course,  was  due  to  shielding,  since  the  particles  concentrated  in  surface 
tlaprssBlona  and  along  barriers, 

m  fltniiugn ,sf  ffaUsMt.  flaaislsOK 

•ome  of  the  data  obtained  at  weapons'  testa  on  the  collection  and 
retention  of  fallout  particles  by  foliage  are  reported  by  Romney,  Llndbcrg, 

Hawthorne,  Byetrom,  end  Laraon,88  Their  stated  findingi,  with  respect  to  the 
ability  of  the  outer  surface  of  leaves  to  trap  and  retain  fallout  partlolee, 
wet*  that  the  slse -range  of  particles  lodged  on  the  foliage  was  predominately 
leas  than  100  microns  in  diameter  and  that  the  beat  correlations  of  the  amount 
of  aotlvity  (beta  count-rate)  on  the  foliage  was  with  the  fraction  of  tha  total 
activity  oarHisd  by  particle*  having  diameters  leaa  than  44  miorona  that  landed 
rat  tha  aame  location.  These  two  findings  suggest  that  the  foliage  of  most  plants 
la  attentive  in  trapping  only  the 'i mailer  aiaoi  of  fallout  partlolee,  Some  of  the 
reported  data  aro  given  in  Table  846,  an  converted  It  m  curls  unite  at  H+ia  to 
the  equivalent  number  of  fteelona  by  me  of  tho  factor,  6,67x10°  fisalone/mioro-  L. 
ourio,*8  Tha  median  particle  diameters  are  taken  from  the  plotted  particle-slse 
distribution!  in  Figure  8,16/ 

It  Is  intereitlng  that  the  median  particle  diameter  Increased  with  fallout 
arrival  time  up  to  arrival  tirnaa  of  4  to  5  houra  after  detonation,  However, 
linos  the  data  ara  for  different  plant  species,  part  of  this  Increase  also  may 
be  due  to  die  plantTipeciaa  selected  ter  analysis,  The  spread  of  the  dtetribu- 
tlons,  however,  tend  todecreaae  with  time  of  fallout  arrival  or  with  dec  reusing 
particle  slse  of  tha  arriving  fallout >_The_U]wir4iinitpartlolo  diameter  cut-off 
Is  fairly  sharp  at  diameters  larger  than  ns  microns,  excepting  far  the  bush- 
mallow  follnge  sample,  The  higher  retention  levels  and  larger  particles  on  the 
buahmallow  foliage  la  probable  due  to  the  high  density  of  stellate  hairs  on  the 
leave*  which  would  eerve  tu  trap  and  hold  particles  onto  the  ourface, 
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Plgurt  2,14 

REDUCTION  IN  THE  IONIZATION  RATE  AT  THE  CENTER  OP  I0TH  STREET  AND  AT  THE 
CENTER  OP  THE  PLAZA,  CAMP  PARKS,  CALIPORNlAi  AS  A  FUNCTION  OP  THE  WIND 
VECTOR  (turn  of  (h*  preduots  #1  wind  ipetd  *  Him)  FOR  WINDS  IN  EXCESS  OP  10  MPH  OVER 
A  IO-OAY  PERIOD,  THE  TAQQED  PARTICLES  WERE  ISO  TO  300  MICRONS  IN  DIAMETER 


0 

o  ioo  too  ioo 

WIND  VECTOR (MILES) 

Bid 


Hull)  on  I  hi'  i>ti||iii!i  Inn  nf  Him  lisilmi!  I  mm  Apple  II  nIuiI  unil  Hmoky  shot 
lowin'  ilolollill InllH  hy  Homo  iimiKo  emps  lire  given -In  Table  a,  III,  The  Il'liellmiH 
of  Iho  deposited  fullmil  remitted  hy  I'oil  elnver  fill  fill  Is)  IlieriMiHcil  Willi  llmo  of 
Inllout .arrival  from  ilium)  n.  r'pereent  m  1  n» 1 1 i»h  downwind  from  Iho  Apple  li 
shot  to  nhniii  I  pprmmt  nt  mu  miles  iiwuy,  l''iir  when),  the  I'rnellimH  rolnlnwl. 
InmuiHofl  from  n limit  0,1!  peminl  in  about.  (I  poreonl  iiyurt-ift*  sumo  range  In 
distance,  Thu  highest  fraotlim  retained,  of  these  diitn,  was  fur  alfhlfii  1‘ellnge 
lit  liHO  mlloH  nwny  f mm" allot  Smoky,  Thu  (IlMfi’IImflniiH  of  llm  nellvliy  on  iho 
fallout  pa  pilules  Ihiit-SMurp  'deposited  HI.  suvornl  of  Iho  locutions!  atm  plotted  In 
figure  S, if),  Thu  values  of  the  median -diameters  dee yen su  with  14 mu  of  nrrlvntl 
an  would  ho  expected  hut  t.hu  spread  of  Iho  vnrloua  uollvlly-rd/o  distributions 
npponrs  lo  lib  roughly  Iho  an, mo,  In  Ingnrllhmlo  units,  In  rill  Iho  oolloulod  sunt- 
plus, 


Thu  major  conclusion  from  the  data  of  Itomnoy  and  joworkers  Is  Ihnl 
I, ho  fraction  of  tho  deposited  fallout  collected  and  retained  liy  foil  lino  m  rather 
■mull  oven  when  Iheillnmetcrrof  (he  arriving  particles  aro  anmll  enough  To 
ho  trapped  by  tho  hall'#  and  re* In*  nn  tho  loaves,  Thus  large  trees  and  shrubs 


cannot  ho  considered  as  significant  sources  of  radiation  where  heavy  fill  I  mil 
deposits  from  Itthrl  surface  detonations  occur  and  whuru  Iho  particle  dlnmf/tors 
aro  in  oxaoss  of  about  (10  nvltmons _ V _  ’  * 


\ 


TlwwnfPe  ho  good  data  on  the  decontamination  of  fallout  particles  from 
follngn  (noglooting  data  an  the  very  fine  material  of  whrld-wldo  fnllovii),  lTom- 
n»y  ami  ooivm,l<ersvni'  however,  do  report  data  on  the  decontamination  of  fnlloul 


particles  rrom  follngot  those  can  be  used  to  Indicate  at  learnt  (he  upper  limit  of 
n  decontamination  hy  n  heavy:  win,  The  results  of  tho  experiments,  using  the 
decontamination  rnagotits  water,  0,1  normal  MCI  and  n  percent  MOT  At  are  sum* 
marl  soil  in  Table  8.  it,  The  water  decontamination  data  would  be  most  repre¬ 


sentative  of  the  decontamination  that  could  result  In  a  heavy  rain,  The  desert 
foliage  ilofioniamihiitetl‘i(eheTally  to  levels  .between 'About  an  and  40  pirooni  of 
the  Initial  deposit ,  However,  itie  smooth-leaf  annual  war  flaooniamLnatedioJ 


B  pereent  and  growing  wheat  was  decontaminated  lo  about.  BO  percent  of  the  Ini¬ 


tial  level,  The  latter  value  should  be  reRreieninilvo .of ..most ..grass-type  foliage. 


The  foliage  contamination  data  appear  to  show  that  nil  the  leaves  on  a 
plant  retain  about  the  same  level  of  contamination  on  all  the  foliage,  If  mump* 
lions  to  this  rathur  uniform  dlsirllnuion  on  plant  foliage  onn  oaq.ur ,  l hay  uoneulv  - 
ably  would  he  most  predominant  In  follnge  growths  siuih  ns  a  very  dense  tall 
growth  or  grass,  This Interpretation  or  the  contamination  prooess  at  least  agrees 
Jiutier  with  ihimljsMviiiTona  than  a  pruee&g-ln  which  onlyTheesiHiBed  surface!  - 
or  Ihe  exterior  or  upper  leaves  are  nssumad  lo  In  the  only  eolkuillng  surl'nuos, 
The  use  of  the  assumpllon  of  uniform  mminmlnntlmi  of  nil  the  Inlluge  on  n  plonl 
allows  correlation  of  the  I'nllmit 'particle  retention  data  tn  terms  of  Ihe  mass  of 
I  he;  eol  I  oat  lag  fullagc  on  n  plant,  Tho  correlation  of  (lie  fallout  retained  per  mill 


of  rlry  plant  (lonf)  mass  with  thn  Intnl  n mount  of  fnllnul  depended  nl  n  location 
can  then  he  used  to  evaluate  the  internni  radiological  tmeard  from  the  Intake  of 
mdlomiollcloH  In  the  fallout  retained  on  foliage,  To  make  the  correlational  n 
foliage  contamination  factor,  nr,  la  defined  in  the  rntlo  of  the  number  of,  fin  - 
•Iona  per  gram  of  dry  plant  (foliage)  In  the  number  of  flaalona  of  total  fallout 
par  aq,  ft,  of  aoll  aurfnoe  If  the  plant  or  foliage  aurfnoo  rionalty  la  defined 
as  Wr  In  grama  of  dry  foliage  per  aq,  ft,  of  soil  aurfnaa,  the  fraction  of  the 
fallout  retained  by  foliage  is 

F  "w  (ftaaiona/ft8  on  foliage)  (8  R) 

"h  L  L  ( fi H nion r / ft1*  on  mil) 

The  denominator  quantity,  flsslons/ft"  on  aoll  la  thn  totnl  fallout  dapnalt 
unoorrcctecl  for  the  amount  on  the  foliage,  The  value  of  wj,  ta  u  menaure  of 
the  denalty  or  plnnta  growing  on  the  lnnd,  Tha  valuoa  of  nL  nnd  a*,  (for  only 
partlolaa  with  dlnmetara  lose  than  44  mleronn)  reported  by  Homnoy'nnd  oo- 
wprk*rl,,l,  are  given  In  Table  8,11  for  native  deanrt-typi  foliage,  The  ln» 
dapendonne  of  the  yaluea  of  on  dlntnnoe  Trom  ground  ?,ero  la  further 
evidence  of  the  aeleetlvity  of  the  foliage  In  retaining  only  thtfamailir  parti* lea, 
The  high  values  of  for  the  fallout  from  Shota  Metf,  Diablo,  nnd  Hhnnta  oould 
be  due  either  to  higher  humidity  conditions  nnd  early  poat-fhot  plant  aolloottona 
or  to  the  fact  that  the  fallout  front  thooe  datona Ilona  contained  n  fairly  large 
fraction  oflhe  activity  on  particle#  wfth  diameters  between  44  and  88  mlerona 
whloh  were  retained  by  the  foliage,  -  - 

For  general  uao,  the  value  of  a^  le  a  more  Important  quantity  than  a*, , 

The  dependence  of  the  valuea  of  a»  on  aeveral  elotonntton  parnmetera  and  fur*1 
ther  enelyali  of  the  data  preeentetT  in  this  lection  are  given  In  Chapter  8  in  the 
form  of  fallout  contour  ratio  acnllng  funotloni,  to  moat  of  tha  data  of  Table  Bill, 
the  VBlUif  of  aL  Inoronaa  with  diitahoe  from  ground  aero, 

-  U  wai  previously  mentioned  that,  for  100  percent  retention  »r  the  fallout 

on  clover,  the  prodomiflftMO  of.  the  dlirppt  uptake  path  for  animnle  eating  bon- . . 

tamlnnted  clover  might  be  on  the  order  of  11,100  to  ROOD  time#  greater  than  thnt 
of  eating  new  clover  on  contaminated  loll,  However,  for  foliage  oondltlonn 
where  the  value  of  nr  Is  l»0klirN  nnd  w,  le  10,  the  factor  of  predominance  for 
the  direct-uptake  pain  la  reduced  to  the  order  of  OR  to  00,  Thua  the  direct* 
uptake  path,  at  leoat  for  exposure  tfrusa  nf  aiw>ut  a  year,  can  be.  expected  to  be 
tha  prodomlnntlng  aouroe  of  nn  Internal  hnanrd  to  nnlmnls  nnd  humana  after  a 
nuclear  war  In  which  Innd-aurfnco  explosions  tnko  plnce, 


Tuttle  a,  in 


NUMMARY  OF  A  V  PI  RAO  KD  FOLIAGE  CONTAMINATION  FACTORS  FOR 
NATIVE  FOLIAGE  EXPOSED  TO  PALI, OUT  FROM  TOWER-  AND 
BALLOON -MOUNTED  DETONATIONS  AT  THE  NEVADA  TENT  SITE 
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(miles) 

10n  *_ 

lj 
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A  THtSRMODYNAMlG  MODEL  OF  FALLOUT  FORMATION 
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Thn  essential  features  of  the  fallout  formation  pr-oocsu  rloduoed  from  the 
final  structures.  compositions,  and  general  properties  of  fallout  particles  as 
described  In  S notions  2.3  and  2, <4  tiro  that: 

1,  Boms  portion  of  the  radioactive  elements  ecmdunsos  Into  liquid 
particles. 


2.  Some  portion  condenses  onto  the  surface  of  solid  particles 

9.  If  a  time  limit  Is  plaosd  op  the  process,  somo  fraction  of  some  of 
— the  radioactive  elements  will  be  still  In  the  vapor  phase, 

Even  in  tlie  omms  where  the  bulk  carrier  Is  sea  water. .  Urn  first  two  —  - 
statemants  «r«  valid  for  ths  fallout  from  o,  moderately  high-yield  detonation 
near  the  ssa  surfsoe. nines  the  temperature  of  the  drops  ,  at  the  altitude  of  the 
oloud,  will  pt  some  time  fall  below  freezing.  '  » 


The  general  condensation  process  can  bo  divided  into  two  gannrnl  time 
periods,  The  first  period  of  the  process  Is  ohavnota.mod  by  the  presence  of 
ffti  and  liquid  phases  and  the  second  period  by  the  existence  of  gas  and  solid 
phases.  The  first  period  of  condensation  ends  when  the  bulk  carrier  particles 
solidtfy.  Then*  is  probably  no  ml  precise  Instant  at  which  this  ncoui'w'n  the 
fireball  elnoe  temperature  gradient*  must  oertmlnly  existi  the  diftumu -since 
of  purUolc*  cool  end  solidify  at  different  rates  and  times, 

.  •  •  "..j  i 

One  most  important  sspeot  of  the  condensation  of  thr  radioactive  fission 
products  into  the  liquid  phase  Is  that  the  fission-product  elements  nnd  compounds 
are  dissolved  to  form  a  very  dilute  solution,  Because  of  this  dilution,  the 
solution  process  can  be  treated  with  neglect  of  (u)surfuoe  saturation  offsets  and 
(b)  Interactions  among  the  various  rad  Ion  olive  elements  In  the  formation  of  the 
solution  .  I  "  '  .  S 

In  a  glassy  matrix,  l.e,,  after  solidification,  libo  dissolved  or  compounded 
fission  products  should  not  be  able  to  esoapo,  With  concentrations  of  the  order 


07 


(if  10" 111  mn] cm  ill'  flsHlan  product*  pur  mole  of  ulus*,  the  vapor  pressure  would 
lie  tiKl.ro  iwly  low  and  the  diffusion  of  the  elements  thrcmgtvths  solid  glass  would 
fin  very  slow, 

The  fraction  of  each  fission  product  that  is  condensed  Into  the  liquid 
carrier  particles  when  they  solidify  will  be  determined  by  (i)  the  melting  point 
of  the  carrier  and  (b)  the  time  after  fission  st  which  the  solidification  occurs, 

If  die  melting  point  of  the  carrier  is  high ,  the  fractions  that  are  condensed  will 
be  smaller  than  those  in  carrier  materials  having  low  melting  points,  for  game 
of  the  larger  particles ( the  tractions  that  are  condensed  will  be  determined  by 
the  time  at  which  solidification  of  the  particle  occurs,  In  the  case  where  the f 
carrier  can  inlet  in  the  liquid  state  over  a  relatively  large  temperature  range, 
and  the  yield  is  reasonably  large  se  that  fireball  does  not  cool  too  rapidly)  the 
larger  particles  oan  net  only  enter  but  oan  leave  the  fireball  volume  before  the 
interior  gaare  cool  to  the  temperature  at  which  the  particle#  solidity, 

The  fraction  of  each  fission  product  that  is  not  condensed  into  -the  liquid 
phsae  of  the  carrier  can  itill  condense  on  or  react  with  the  eurfaoe  of  the  solid 
particles ,  The  solid  particles  available  could  consist  of  (a)  the  smaller  of  the 
melted  particles  (lines  these  do  not  tail  out  of  the  cloud  volume  ae  soon  or  as 
rapidly  ae  the  larger  particles)  or  (to)  of  unmeltod  particles  that  enter  the  gas 
volume  at  Inter  limes, 

The  boat  llluitratlon  of  the  latter  type  of  particle  is  the  irregular  particles 
found  in  the  coral  fallout ,  Booauso  of  tho  high  molting  point  of  calcium  oxide, 
the  number  of  the  more  active  (fused,  ephertoal)  partiolee  found  was  ueualiy, 
but  not  always,  amiiUer  than  the  number  oi  irregular  unmelted  particles,  Even 
though  the  fused  particles  had  higher  specific  activities,  they  carried  a  fraction 
of  the  total  rsdloiotivity  produced  Ihfitt  wae  much  smaller  than  tho  fraction 
carried  by  tho  Irregular  unmelted  partiolee,  »  ■  ■  " 

..  ....  ;i  I!  "  •" . '  ;(■  ' 

the  reverie  waa  true  for  the  partiolee  of  the  lower-melting  ai-Hrats 
gins  see,  There  is  no  doubt  that  »th  unfussd  and  sintered'  grains  of  soil  and 
the  smaller  fused  ephorea  carried  radioactivity  on  their  surfaces  i  various 
amounts  of  activity  \y*re  leached  from  the  samples  of  these  parfielti  in  water 
and  dilute  soldi.  However,  In  the  preeenoe  of  the  larger  fueed  aphorei  in  heavy- 
fallout  region*  tho  Irregular  soil  grains  contributed  only  *  rather  email  fraction 
of  the  total  radioactive  content  of  the  fallout  depoelt, _ ^  ^ 

-  .  ’  ii  .. 

In  the  second  period  of  condensation,  i,e,,  after  the  particles  solidify,  the 
flsslun-ppuduol  elements  may  condense  by  (a)  sublimation  on  the  surface  erf 
solid  particles  or  (b)  they  may  react  directly  with  the  carrier  subitanoe,  in 
till?  oa*P  of «.  more  or  less  open  or  porous  crystal  structure,  the  fission  products 
mould  diffuse  well  Into  the  body  of  th#  particle,  This  process  wae  evidenced  by 
the  Inycr  of  nctlvlty  in  the  Irregular  coral  pnrtlclo*,' 


Th*»  ((mvImiHlv  mciilltiiw'il  vH|*n‘«<'oiiil<<ii*»Hoii  fitinfjuuii vodh  using  simple 
kinetic  theory,  or  fair  wort'  complicated  method  used  by  Hlewari1  .  bull)  iii(llc>nt«* 
that  finnrtpm«sUnti  ‘VM|ii>rlB«tion  equilibrium  run  lw  PNlnlillshrd  within  n  frnctlnn 
of  a  sficnnii  n(  Irmpurs lures  around  p(H)0''K  The  finding;  ol  the  smnil  spheres 
confirms  the  nature  oi  ihi*  early  direct  vnper-cendeniatlen.  When  iMjuilibrtum 
1b  estibHshmi  the  gsscou*  specie*  of  rich  fission  product  element  rsn  either 
(a)  reset  with  the  vspr  or  liquid  products  of  the  bulb  carrier,  or  (b)  die- 
solve  Into  the  liquid  pi  sec  according  to  Henry's  law  of  dilute  solutions,  Those 
solutions  of  fission  product  elements  or  compounds  in  the  liquid  phase  should 
■JHTW  dilute  to  wsult  id  no  change  in  the  free  energy  of  the  liquid 

carrier,  and  (hi  so  dilute  that  the  free  energy  of  solution  of  each  element  in  , 
JadepOBdent  of  the  concentration  of  ail  other  fission -product  elements. 


*4.1  Oaa- 

Heetust  «f,  the  sSrsme  dilution  of  the  (inlea  product  «!*fafeabs  «; ■.•; " 
the  fallout  particles,  it  is  possible  to  consider  the  gas -liquid  phase  condensation 
and  the  solubility  of  each  fission  product  element  in  the  carrier  as  an  indmwiwieM 
two-component  system .  Moreover,  there  should  be  ns  appreciable  surface 
loading  (due  to  large  snoeee  eurfaoo  concentration*  during  the  condensation 
process)  if  the  lemperttiire  range  oyer  which  the  liquid  carrier  exists  exceeds 
8*0  or  SCOT,  Concentration  gradients  In  particles  msy  occur,  however)  psr- 
.  facies  that  ace  not  heated  very  -much  above  the  softening  temperature  and  are 
not  very  fluid,  or  larger  particles  that  may  not  have  been  melted  in  their  center 
fay  the  time  the  surface  temperature  falls  bsiow  tne  melting  point,  would  each 
contain  corKuolrifaonfradtents  whcosoltdlfttKi. 

'Two  fefiersl  types  of  gas  -liquid  phase  condensation  processes  may 
Jm  oeesidsreri ,  One  is  Henry' s  liw  of  dilute  sotaUooi  fate  other  la  compound 
fwtnafanu  with  earner  material ,  Iteiry’  i  lew  ofdllntt  wtuttofl  ls  givtaby  " 

:• pi' > h,N,  .  >;■  ■  <*,i) 

in  Which  fa,  is  tbs  mole  frsettoe  of  element  |  in  the  liquid  phase,  k,  Is  the 
“  Heavy*  law  ronstsm,  add  p,  is  fats  partial  pressure  of  fate  gaseous  speeiee  of 
•  element  j}  ,  Per  a  mixture  of  gases,  "  ■ 

pi'N/p  ;  <«i) 

In  which  fa|  Is  the  mole  fraction  of  the  gijastsa*  species  of  element  f  in  the 
vapor  and  P  is  the  total  pressure.  Combining  Kq.  3,1  and  3,5  gives 

Nf/Nj  -  k j /!P  (3,3} 


t*o. 


In  the  thormndyonmU'  Irealmcml,  the  depnftdoiH'K  of  k  ,  «tn  l>  will  tw< 
nSaumed  loo  m mu II  (or  nil  ninmnnt*.  The  d<>(H*n<  low'd  of  k,  on  lompeMturc 

IS  lieaorllK'ti  by  U*  ti  where  kj‘  jH  „  (jonNlnnl  find  All*  Is  given  by 


AH,  -  If  •  I,  (», 4) 

whare  Lf  la  tho  ralative  partial  motor  hot  content  of  element  J  In  the  gna  phaae 
am)  I,  la  It*  relaUva  partial  molar  hot  content  in  the  liquid  phaae.  For  nn  Irlonl 
S*i  iih!  in  Ideal  solution,  All,  la  the  heat  of  •■purliitliiii  nf  ||m  condensing 
spec  lea  of  element  j, 

.  f  " 

H  may  be  notad  from  Eq,  8,3  that  a  dtortaaa  In  tha  total  pressure, 

IY  result*  in  an  inoraaae  In  the  ratio,  Nf/N,  ,  or  a  dec  renew  In  the  mole  traction 
of  Uta  minor  eonstitusnt,  J,  in  tha  liquid  phaaa  ralatlva  to  He  mole  fraction  in  the 
gas  phaaa,  Because  of  Ulla,  Nf/N,  depends  on  the  vapor  pressures  of  the 
various  major  conetltuenta  In  tha  fireball, 

Per  early  time  oomlenf itiona  (s»  would  occur  with  a  hlfh-melfln*^ 
temperature  oarrte r  and  when  tha  lamporatura  la  high  and  gas  volume  not  hilly 
expanded)  the  total  pressure  should  also  ba  high;  Tito  high  pressure  would  tend 
to  decrease  tho  value  of  Nf/N,  .However,  the  high  tomperaturi  would  tend  to, 
Increase  the  value  of  Nf/N,  by  the  term  e“AH»/RT,  since  both  the  proasurt*  * 
and  tamperature  doc  rasa*  with  time,  the  one  should  tahd  to  oanoel  or  balance 1 
the  effect  of  the  other  on  producing  changes  In  Nf/N,  with  time,  although  over 
a  long  period  of  time  tho  effect  of  the  temperature  decree  as  will  generally  pre¬ 
vail  In  Um  cooling  of  the  fireball. 


If  the  liquid  soli  partlolei  *i*e  assumed  to  be  more  or  leas  uniformly 
distributed  throughout  the  flrabsll  volume,  and  the  temperature  la  also  assumed 
u>  he  somewhat  uniform,  than  fl  the  liquid  partiolaif  may  ba  oonaidnred  as  aslngle 
liquid  phase  In  contact  wlth  the  ps  at  a  glven  temperature  and  time.  Although 
a  given  pair  of  valuta  or  P  and  T  at  a  given  time  would  ba  valid  only  for  some 
•mill  Increment  of  tho  rirsbsll  Volume,  It  Is  obvious  that  theae  cannot  be  glvom 
■  uniform or  average  value  tor  Uw  whole  volume  lafasaumid  in  tha  trentmeM- 

Without  apeolfyln*  the  number  or  site  Of  particle*,  tha  mole  fraatlnn 
of  element  J  In  the  liquid  phaae  lh  given  by 


Nj  •  n,/n(i) 


(8.  ft) 


whore  n  la  the  number  of  molea  pf  element  J  dissolved  In  nf* )  moles  or  liquid 
carrier  where ji^nfl!.  The  mole  fraction  of  etemciU  jm  the  vapor  phnae  m 

given  b,v '  ...  {•  » 


N,9  »n,*/n 


too 


whore  n |"  l«  Hit'  number  »r  melon  of  dement  ,|  mixed  with  n  mules  of  vapor 
nnrl  n  /'  <  <  n, 

If  ibo  pcrfect-ps  Inw  im  nnsumod  for  nil  the  paooua  hihioIos  com¬ 
prising  tho  n  moles  of  ga«,  then  ICq,  3,0  can  bo  written  n* 

N/'  «  n,°llT/-PV  (3.7) 

Substituting  Eqs,  3.3  and  3,7  into  Eq,3,3  gives 


3  (S*8> 

The  ratio,  nj°/n j  ,  in  Kq,  3,8  depends  on  the  values  of  kj ,  T,  and  n(t)  per  unit 
volume  in  the  fireball  at  the  time. 

Because  the  mole  fractions  are  small ,  the  value  of  n  ,B/n,  is  — 
Independent  of  the  total  amount  of  the  element  present,  Therefore  the  same 
fraction  of  an  element  should  be  condensed  at  a  .given  timo  and  temperature  for 
a  100  percent  flselan  weapon  as  fer  a "  oloan"  thermonuclear  weapon  of  the 
same  total  yield.  Tlio  value  of  n(.t)/V  depends  on  the  total  yield  and  time  after 
detonation,  elnoe  the  amount  of  carrier  material  liquefied  depends  on  (a)  how 
the  total  energy  ie  utilised  in  the  p races e  and  (b)  the  rate  of  the  in-flow  and 
spatial  distribution  of  the  carrier  material  passing  through  the  fireball  volume, 

Compound  formation  of  an  element  with  tho  carrier  in  tho  gai  phase, 
followed  by  condensation  of  the  heavier  gas  molecule  into  a  liquid  solution  with 
the  melted  carrier  material,  oan  alao  be  deaoribed  by  use  of  Henry’s -LW  for 
the  dilute  lolutidn,  However,  when  the  compound  is  formed  with  the  (bulk) 
liquid  oarrlw,  then  the  free  eneri^  of  fiBrmatton  of  the  cQmBctmd  and  it*  Jteat  _ 
of  vaporisation  muit  bs  considered,  The  over-all  reaction  for  a  direct  oom-  _ 
btnatlon  of  Union  product  element  A  with  oarrier  materiel  D  to  form  the 
compound  AB  may  be  written  aa  follower  '  _ - _ 

:V".  A(g)  +  B(l)  ••  AB(i),  dilute  eoiution  In  B(i) „ 

This  reaction  may  be  written  a»  a  sum  of  three.. or  four  separate 
reactions  depending  on  whether  die  combination  of  A  and  B  occurs  nil  A 
condenses  or  when  n  is  in  the  v«  pot-phase  prior  to  condensation. 


/  There  should  be  no  difference  in  the  two  processes  with  regard  to 
the  total  change  in  free  energy  between  the  name  initial  and  final  thermodynamic 

!r  ■ 

-*  *  •;  • 


101 


stntoe,  This  difference,  if  any,  would  be  In  the  kinetics  of  the  proare*,  In  the 
first  process,  the  separate  reactions  and  the  standard  frets-energy  cliongns  arts: 


1, 

A(g)  -  All) 

AFf  e  RTInpA 

-  (8,8) 

a.; 

A  <()  +  15(f)- AB(I> 

AFf  «  .RTfnKAJS 

<3 1 10; 

where  KA®  1*  the  equilibrium  eonattnt  for  the  formation  of  AB(I)  from  A(l) 
and  B(i)  at  the  temperature,  T,  The  aolution  reaction  !• 

8, 

Alii)  **  AB(i),  dilute  aolution  in  B(f) 

•'  «l  ■  ^BpiiAB  ’’i  V  :  ' 

(3,11) 

where  ii  the  thermodynamic  activity  of  AB(i)  in  B(4)  and  la  aqual  to 

Habeas  »  nah  l*  tho  mole  fraction  and  kAB  la  the  Henry*  •  law  oonetant  or 
activity  ooeffloient.  The  eum  of  the  standard  fr«-*n§rgy  change*  for  the  three 
reaction*,  or  the  free  ewiify  of  the  over-all  reaction,  le 

.  -iV  '  ; 

AF  *  RT*1>;N^js  - 

(8.M) 

In  Hie  eeoond  prooeie,  the  c  apt  rite  reiotiona  and  the  itandard  free* 
energy  ohangee  trei 

1. 

A(g)  +  .8(g)  **  AB(() 

.  ■' 

\.U  lj 

-a.  4 

(8,18) 

a, 

B<J )  **-»<!> 

AF"  ■  -  - 3rtT#n  pjj 

(0,14) 

3, 

•:jA  fl  \  j  )  ^  A  @  ( I  )  |  -  v.  - 

AF»  5  RTln  pA,j  - 

(3,  IB) 

4. 

AB(1)  *  AB(I),  dilute  eolation  in  ®(/) 

AFB  *  -RT/n  NA  g  kAja 

(3,16) 
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The  Hum  of  l.lm  Ntnndnrd  friu»~<>imrnv  Hinunei,  for  IIu’mo  lour  reiiedniin  In 


AF" 


UTfn 


'»A  ' 

^AHkAH 


111,17) 


The  frpc -energy  phnugex  given  by  Iflqx,  .1,18 -a ml  11,17  would  In*  oi)Uii I 
If  P^/N*|,  of  Kq,  11,18  Is  equal  In  Pa^AH  of  H  I  7,  or  If  In 
unity.  If  tnepcrfi'et-gnH  !nw  In  lined  to  catlnialo  the  number  of  molest  of  A, 

In  tit*’  g(U3  volume  from  p^  in  Equ,  3J2  nr  3,17  find  If  N^jj  In  replaced  by 
n^jj/n(iDi  the  Iwn  equation#  become 


and  ; .  -  -  3  , 

.  •  -  ^  „  .  Ar/Rt  "  „  : 

-  11  HA  fnfVl/V]  RT 

respectively,  Replacing  citifor  l«AIJKABeAF  ^  (Kq.  8.1*)  or  ItAn0^5 
<«q.  flJ9)  by  kj(jj  r«tt*eeH  the  two  equntlonn  to  the  same  form  a#  Kq.  The 
mm  computational  treatment  would  therefore  apply  except  that  the  nUmtlard 
fm-onergy  functiona,  when  available,  could  Im  qxud  to  calculate  the  free^neruy 
Plunge  f<v  the  oompoundvformaUon  reartionn. 


_  Tiarfirjt  compound -formation  reaction  described  above  did  not 
include  any  rwwtion  Irntwoen  Ui«  fttmaipherta  oxygen  and  th#  element  A  lh  the 
oondoRiMition  pi'qeeB".  of  eoum,  even  In  the  presence  ofoxygoh  many  of  the 
ft# ilon-prod«ct  oxide#  ire  partially  or  completely  dlt inoiatod  In  the  vapor 
phage.  for  those  that  are  completely  diiwclitad  nt  uia  icmporalurea  where  the 
carrier  material  exlfti  j*  i  liquid,  the  above  reaction^)  is  applicable.  Aina, 

If  Iho  oxide#  are  oomplctoly  Miociatod,  A<*>  may  be  taken  to  repreaent  the 
oxide  molecule,  and  Rq.t  a. IS  or  3,11  can  be  a  prilled.  However,  for  the  elemcnta 
in  which  the  oxide  melecule  is  partially  dlMiwiated  in  the  vapor  atate  and  ,:_ 
neioetatei  further  with  oxygen  In  the  oondenaed  mate,  tho  oxygen  partial  pres* 
auws  will  Influence  the  relative  amwinte  of  the  element  in  the  liquid  end  the  gnu 
phanc#,  „  • 


The  overall  reaction  for  this  condensation  prop  ox#  is 
A(g)  +  x08(g)  if  ll{8)  -•  AOg, H(£),  dilute  solution  In  R(^) 

In  which  x  la  the  number  uf  oxygen  molecule#  Hint  combine  with  each  ntom  oV 


olomont  A.  Hopnrnln  rnnntlnnx  for  thin  over  nil  ronolion  can  Im>  not  up  In  Iho 
mii mo  wuy  an  uhuvn,  Inti  for  this  over  nil  reaction  to  ho  illfforont  from  Iho  oito 
abuvo  (or  competing  wlilt  It),  the  «nn  atoms  o!  A  nml  On  must  lie  In  equilibrium 
with  Uio  oxide  of  elijinwnt  A  In  the  vapor  a  late.  The  oxide  moloeulea  then 
either  (a)  r«ae*  with  B0)  a*  they  conrienae  or  (b)  they  react  with  B(g)  in  the 
vapor  before  the  larger  oxide  molecules  condense  to  form  the  dilute  solution. 

In  the  flrat  of  the  ms  two  proceaeea,  the  separate  rcactlona  and  the  alandnrd 
free-enargy  ehangaa  arei 


l, 

:  A(fi)  ♦  aO,(«)».  AO,  ,(g) 

. 

(3,80) 

AF#  *  «RT#npAn/pAp*i 

a, 

-v -  AO,,(g)»  —  AO, ,  (f| 

(B.ai) 

AF*  .«  RTfn  pA0 

if 

a; 

AO,,(f)  +  Bill  -  AO,,  B(|) 

. . 

(0.98) 

Ar*  ■  .RTfn  KAO0 

where  K*oa  le  the  equilibrium  oonetant  for  the  formation  of  Ao,,  B(i)  from 
the  two  liquid  compound*  at  the  temperature,  T, 

4,  AO|(B<f)  -  AO,„»(f)  dilute  aolutlon  in  13(f) 

- ■-  -  - = — -  "  —  -  •  — - — — -  (3.38) 

AF*  »•  RTfn  NAo0  kAoit 

The  aum  of  theae  reiotlqne  and  their  atandard  free-enargy  changee 


Ar*  »  RTIn 


Mb 


’AOB  ^AOB^AOB 


in  the  aaonnd  prooeaa,  the  aeparnta  reaction*  and  the  etandard  free- 
energy  ohangea  art  i . 


1.  A(g>  +  nO»(g)  «■  APas(g) 

—  Jl_j 

AF“  *  -HTfn  pAO/pApfi 
3,  AO,,(g)  +  Bfg»  -AOg,  IM«) 

AFn  -  -RTfn  Paop/PaoPR 


_ (11.33) 


!i.  h(0  -  M( w) 

Ar  -  -HTMi  |IM 

*».  Ao^nin)  -  AOn.tMO 
Air"  n.Tfn  pAOM 

(1,  AO*,  n(l)  AOfl„  n(l),  rltlulu  solution  In  R(f) 

iF"  ,  •!tt(„NA0hkA0., 

The  Hum  of  the  flvo  Htnmfnnt  froe-rnrrity  pimtionM  in 

PAPo 

AF°  ~  RTf  n  -  - 

tf*AORKAOn 


(11,117) 


(0.2H) 


(n,sn> 


-  ,<a  .no) 


Kquni;ion*  fl,a4  nml  0,00,  whan  solved  for  by  use  of  the  perfuot-Ktts  Inw,  Klvr 

’  n  k  K  AF"/IVi’  ,  ■■ . - 

-  -  ..i\s.r  4.?, a, "am 


In(/  J/V|  RT  p 


(B.01) 


O 


nml 


—  ici  •-  — - 


(n.na) 


rospoolively, 

Tho  vtiUiemaf  nA  In  Kqi,  o,Bl  nml  a, as  are  ieniltlvuto  the  oxygen 
pnrtlhl-presmiro.  If  p0  Is  gponter  thou  1  atmosphere,  the  vnluo  or  iu  will  be 
deemied  (most  with  largest  x  vslue)  nml  the  amount  of  element  A  condensed 
lx  InownsoO,  ir  in  loss  thnn  1  atmosphere,  the  value  of  n*  will  lie  Inornnsod 
(most  with  In  m>  st  x  value)  nml  the  amount  ofclommlA  condensed  Is  cleoi'enstui, 
ffieorporatod  Into  the  hAnn  in  the  mine  way  no  wno  (lone  for  the 
fnetoro  of  Nqs,  0,18  nml  0,10,  then  Eqs,  0,01  nml  0,08  aan  nloa  be  reduced  to  the 
same  form  no  Kq,  O.k  for  mnterlnl  Imlnnao  nml  other  sworn!  summation 
formulas, 


nAQBKADH 


AF°/  I1T 


[n|f)/v]  HT  pr¬ 


iori 


Mrpiatlons  il.H  In  II,  lin  im'.purlmpH  mnro  rlHtirmiH  In  I  lit1  ilcl'lnlllrm  of 
thci  oondcnsnllnn  prnnoHH  limit  lltnl  glvim  hy  Kq,  !|,N  whlt>h  rl hv>H  llto  prmmHn 
mily  In  I*  Him  ill'  Henry's  law,  lit  n  run  I  case,  I  tin  *■«  riiftr  mnlnrlnl  Ih  tad  mi 
Inert  substation  Iml  Is  onpnhln  of  forming  compounds  wllit  ninny  of  Iho  flsHlmi 
product  fileineiHB,  Also,  the  Nqn,  ,'i.n  to  11,118  will  Im  applicable  fur  cloimmls 
Hint  renot  wiih  ihn  carrier  In  lint  solid  state  fur  these,  Urn  nidations  only  need 
lie  nhnngod  from  (0  to  (s)  lo  refer  in  I  lie  solid  rnllmr  llinn  l!u>  liquid  nt.n  in. 

Before  ooiisifioping  thu  second  period  of  condensation,  the  mntcrlnl- 
bnlfinw  equations  (in  terms  uf  flsHinn  yields  and  fractionation  inmiberH)  for  till' 
first  period  of  condensation  are  presented,  Although  tho  form  of  ri(| ,  {i,h  for 
Henry'  s  Inw  of  fllliitri  solution  In  used  In  the  treatment,  the  final  mntorinl 
balance  equations  would  bo  kiontionl  for  the  compound-torn, itlon  processes, 


OflistidHlfl  Fhflsm  Material  llnlnnoo  Constraints  and  Prnotloimtlqn 


Slnoe  tho  condensing  elements  are  radioactive,  thD  number  of  moles 
of  each  Is  constantly  changing!  thorofqro  tho  mntorinl  bnltmoe  of  n  Riven  clement 
nlso  changes  with  time,  nn  the  other  hnnd,  the  fission  yield  uf  n  givun  muss 
chnln  (except  for  neutron  emitters)  is  constant.  If  the  amount  of  n  radionuclide 
of  element  J  and  mnss  number  A  pratiiont  nt  the  time,  t,  after  fission  Is  given 
by  yjX(t)t  then  the  total  amouiit  of  elomont  j  present  at  time  t  Is 

v  “  VyH)  -  SA  y >  nt.uin «  or  moias  (a, inn 

Tli*  oorresjiontlliig  sum  foy  the  chain  yield  of  mass  lurniljer  A  la 

^A  °  X)  yJAW  BtOffis  or  nioUrs  (04) 

In  which  Ya  Is  constant  except  for  the  mass  chains  containing  neutron  emitters, 
The  material  balance  for  the  amounts  element  J  In  the  gas  nntl  liquid  phnsus  is 

Y , It)  ■  n'j  U)  n , |t)  t "  ..  --(Ilrlllt) 

"  ■ 

whers  the  time  dependence  of  n,"  and  n,  of  lilq,  o.h  is  intliunled, 

—  ...  , .  ,If  ”Ja  mwl  nJA  n.rn  ( 'then  for  the  amounts  of  each  nuclide  In  tho  gas 
and  liquid-phases,  respectively,  thu  mh In rln  1  Imlnwrrfo rwch  el cnTchl  Is 

I A  y|A  U)  “  Z\  n|A(l  )  '•  X  a  "ja  <')  (n-flfl) 
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It'  It"  In  tint'd  for  It,/ J(ii(M/V)HtJ  ,  milmll llutluu  til  Ki|,  ll. H  in  hlij.  ;i,!iri  kIvon 

2AvJAU>  n  i  itnXA,.1A(i)  M> 

and, ilnuo' (1  +  K*)  in  fcho  multiplier  for  ouch  of  the  n|A(l)  term*,  tho  term*  for 
each  nut,' I  If  In  onn  bo  nopnrntofl  nut,  Tho  aopnrnUiil  term*  than  glvn  the  amount 
of  each  nucllrln  unmlenaed,  which  In 

Via  (I) 

nIAU)  n-iL- 
1  !  I  H" 

Tho  (’('Motion  or  tho  mnae  chain  thnl  in  oomlanjM,  or  tho  nbnoluto 
fractionation  number  fl.e,,  roforrotl  to  the  Naaion  yield  rather  than  to  nnothor 
nuelida),  r„(A,t),  forlho  end  chnln-membara,  la  defined  by 

iv (A. t)  “  y-  S,ii|A<t>  (a.im) 

Sublitltutlon  of  PJq ,  n,!lfl  nnd  replnclng  the  Y|A(t)/YA  rnttnin  by  y,(A,t)  in 
Rq.  »,sn  given,  for  the  frnotlonntlon  number  of  endh  mna*  number, 

'  >•  JA.O*  2.  liillii  <a,40) 

_  _  1 1  kf 

In  which  y’j(Ajt)  la  tha  frnotlon  of  the  ohnln  ylaltl  of  element  ,|  having  maaa 
number  A.  -According  to  Iq,  8,40,  tho  frnotlon  of  the  ohnln  Mint  la  uondenaetl 
tn  the  liquid  phaae  dopenda  only  on  W]  anti  the  frautlona  of  the  ohnln  ytolrl  of 
the  clamanta  preient,  The  uaeorthla  equntlon,  therefore,  roqulroa  valuaa  of 
the  Independent  yield*  of  each  member  element  or  the  chain  at  timea  from  e  few 
aeconda  after  flaalon.  or  at  iaeet  for  the  time  of  the  end  of  the  flret  period  of 
oondenaatlon  that  may  be  applicable  to  tha  flret  group  of  pnrtlolea  thnl  leave 
the  fireball  In  the  liquid  elate,  ,  ~  _ _ _  _ 

Tha  experimental  rnflloohamlont  fractionation  number  torn  given 
anmple  of  fallout  for  quantity  of  mixed  Jlealon  producta)  la  uaunlly  defined  aa 
tha  ratio  of  tha  number  of  atom*  of  n  given  maaa  number  that  are  proaent  to 
the  number  of  atoma  of  mnaa  number.  bb  that  are  proaant,  divided  by  tha  , 
expected  vaiue  of  tho  ratio  for  thermnl  neutron  flaalon  of  ll-ltim,  In  mnlhe- 
matloal  notation,  thla  la 


Ordinarily,  imuni -i,n  1«  r«ll«a  urn  iimul,  along  with  I  he  appropriate 
decay  tiii i’ i'ouMoiih  from  thn  time  of  minlyala  to  aorn  time,  with  n  corresponding 
vnluo  of  Kn(A)  thru  ima  boon  provlnualy  determined  from  no  analysis  of  fl 
anmple  of  li -aim  bombarded  with  the rnm I  neutron*,  For  nnnlyaoe  made  morn 
limn  novernl  rinya  After  flaalnn,  only  the  Inal,  or  Inal  two  membora  of  n  decay 
uhnln  of  moat  mnes  numbera  will  ha  proaent  In  npprnt'lable  amount. 

Since  the  obaervod  "ft"  fnotnra  give  an  over-nil  monaure  of  vnrl- 
ntlon  from  U-asn  thermal-neutron  flaalon,  another  raptor  la  noerleit  to  account 
only  for  that  part  of  the  variation  ttmt  ia  due  to  thn  first  period  of  the  oonrlen- 
ant Ion  process,  For  thin,  lot 

'“<*>■  rto  r  ;«”'w 


In  which  K(A)  is  tire  true  yield  ratio,  Va/Vji,  of  mnaa  number  A  to  thnt  or  maaa 
number  »»,  which  varies  with  the  kind  of  fissioning  nuclide  nrtd  inti  Want  neutron 
spectrum  (the  a  am«  definition  holds  If  some  meaa  numbnr  other  then  HO  la 
aeljoted  natha  reference  nuclide),  V 

The  value  of  the  ratio,  n(A)/n{9f»),  should  bo  tha  aemo  a»  the  ratio 
of  the  sum  over  j  of  the  raspeotlve  nu(t)  terms.  The  fractionation  number 
from  tho  material  balanoe  equations  referred  to  n  atanderd  nuclide  (In  thta  tmae 
-maas  numbif  8fi)  bBcomes  -  - - 


S,  y  j  (A  i  t)/(l  +  kp 
fj"y,(99,  t)/U  +  kf) 


when  K(A)  la  raplaoad  with  Yi/Tog.  It  te  poaalble  for  r**(A)  to  have  vnluea 
greater  than  onbi  the  values  of  r0(A)  cannot  be  greater  than  one, 

In  the  aeoond  period  of  condensation,  the  fraction  of  each  element 
not  oondenietl  from  the  gna  phase  (when  the  fireball  temperature  has  fallen 
below  the  melting  point  of  the  oarrler  material)  can  begin  plating  out  on  tha 
lurfaoe  of  aolid  pirtlolee.  The  nvntlAble  partluloa  for  111  la  period  of  nonden- 
•ation  can  be  the  a  mailer  eel  idl  fled  pnrtlolaa  that;  have  not  Bottled  out  of  the 
radioactive  gaa  volume  plua  the  unmelted  aoll  grnlna  that  entered  the  flrohal! 
into  nnn  ware  not.  hoatori  to  their  melting  temperature, 


'  Although  It  la  possible  thot  a  variety  of  gne-aolld  atato  reaction*  may 
occur  for  the  different  olomonta,  depending  on  the  phyalcal  and  chemical  prop¬ 
erties  of  the  onrrlor  particles,  only  one  almpls  and  IdonllRerl  prncoae  la 
oonaldoml  here,  'Fills  la  that  the  frnctlon  of  onoh  element  thnt  la  coririnnand,  up 


10B 


if)  finnio  Mill  It'll  II  me  iil'l.ci*  I'IhhUiii,  Ih  rnlnlnil  In  flint  nlfMiinut1  H  tnlul  nuhllmiltlnn 
l>'iM*!!if'r,  It  Ih  iiHHimiml  Hint  the  tuiiTlcr  Murl'aco  nets  iih  If  It  were 
tho  pure  nolid  Compound  of  (hi.'  condonsliiK  spoolon,  Under  those  oondltlwiH, 
tho  iiompulntlonnl  values  of  the  amounts  condensed  rofloots  thn  rein  live 
volatility  of  tho  (assumed)  constituent  gaseous  molecules  nt  nil  tompnrnliirps 
nt  which  thin  kind  of  condensation  onn  ciooiir, 

II'  nn  excess  of  sol  Id -surface  nren  In  presented  to  tho  condensing 
molecules,  tho  number  of  molecules  condensed  by  tho  process  (assuming  tho 
process  to  bo  reversible)  nt  tiny  time  after  Uiu  poijdiricivtlon  of  the  carrier  In 
defined  by 

..”T  '  nj  n "  ■  n*  (!M4) 

where  n|.liJh@  .amount  of  element  J  condensed  on  the  surface  of  the  solid 
particles,  nf  Is  the  amount  of the elemon^remninlnjr  In  thn  gns  phase  when  the 
carrier  particles  solidified,  anti  n'5  Is  then  mount  In  the  vnpor  phase  at  any 
later  time.  Hcchuso  of  radioactive  decay,  nil  throe  amounts  depend  on  the 
time  after  fission. 


If  the  p«rfeot-fffll  law  Is  nssumod  for  each  gaseous  species,  then 

P?V 


% 


(MB) 


where  V  Is  the  gnu  volumo  containing  the  it*  moloa  nml  $  Is  tho  (irpilllbrlum 
sublimation  pressure  which,  In  turn,  Is  given  by 


Pf 


4 1'  u  /H  T 


(iM<n 


In  which  Af,  Is  the  free  energy  of  sublimation,  If  uniform  mixing  in  tho  Aru¬ 
ba  11  volume  li  assumed  forth®  particles  and  gaseous  spec  low  nt  all  limps,  then 
V  Is  the  fireball  (or  aloud)  volume,  The  ti  roe-dependent  material  balnnon  fop 
element  J  Is  .  ;  '■'»*-  • .. . :  ... ' 

:  Y  | (t)  -  0,(1)  +  n j(ll  i  iv}(t)  (M7) 

where  n j  Is  the  numbur  of  moles  condensed  in  the  liquid  phase.  ^  : 

Use  nf  tiq,  (i.h  for  n“|  TfnrEfjrTT'm  Tor  n],  combined  with  Ni|,- H.4Tj_ 


gives 


k",  Y 


)  1 j  Vp? 


HT 


1  +  k". 


<n,4H) 
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p]A  *  <y|A/YM  <»•«» 

Tim  f  i’iui  tlnnn  Uon  miTnlH '  rnrHio  end  «o tin  I  n  member  of  eneli  mown 
uhnln,  or,  the  fro  oil  on  of  the  oHnln  Hint  Is  eondenned  up  to  it  Klvon  time  in  the 
second  period  of  condensation,  v£{A,i)t  In  defined  by 


whore  yA  Is  thn  fractional  chain  ylold  In  atoms  per  fmiiion,  B  Ik  the  rnllo  of 
ffillon  to  toMyleld^flnd  W  l*  th«^loittl  ylold-lfflfiiMftn@i  the  total  chain  yield 
la  0,U41.yAnw  moles,  j  y 

In  J)q.  a ,na ,  the  k".  vnltios  arc,  m  In  Uq.  n.40,  evaluated  hi  'the 
temperature  of  the  emtl  of  the  hrat  period  of  ooiidenantloni  this  Is  different  from 
the  temperature,  T,  In  the  awiond  Wrm,  Thus  the  frnollona  of  nneh  element 
not  condensed  during  the  first  period  of-oondchsntlnn  (tflvon  by  the  ilrst  term 
of  Kq,  B.OS)  muatfcfa decay -oorroiited  to  the  time  of  Interest  to  determine  y, .  ; 
nnd  Y  applicable  to  Rq.  d.at.  .  - —  .. — s— —  - 

.  lj 

In  assuming  the  onndonaatlan  to  be  Independent -of  Iho  nature  of  the 
pnrtlele  surfnao,  nnd  In  neglecting  sol  Id -solution -on  mpnunri  or  for  mm  I  on  will) 
the  carrier  material,  the  components  nnd  equations  lor  ouch  elomonl  hnve  in 
be  reduced  by  one,  Therefore  the  frnetlonnl  pfirllnl-pi’esHiiroM  booome  ylold 


dependent,  ns  shown  In  nq.  The  dependence  of  r,'(A,t)  on  wonpon  yield, 
however,  will  lie  determined  liy  the  vnrlntlon  of  V/W  with  yield, 

In  summary,  the  over-nil  fnllout  particle  formnllnn  process,  from 
the  nhove  Ironlmont,  may  lie  dnaorllwd  dm  fellow*,  In  the  flrat  ported  of  con¬ 
densation,  when  the  llrpiid  awl  gan  phases  prcdonvlroito  In  the  fi  relmll,  the  mere 
refractory  element*  are  dissolved  into  the  liquid  phone  of  the  enrrler  material, 
The  larger  fnllout  pnrllnles,  which  full  nwny  from  the  fireball  while  they  nre 
In  Ilia  liquid  stntn,  will  conjoin  nnlv  those  more  refrnetory  rndionurtlrios. 

Those  particles  will  hind  nearest  to  the  point  of  detonation, 

The  smaller  pnrtlelos,  that  stay  with  the  rising  fireball  for  n  longer 
lime,  may  condense  out  radloelomenls  during  both  periods  of  condensation, 
These,  ns  well  ns  the  particles  tlisl  enter  the  flrebnll  Iste,  should  carry  r nd In¬ 
clement*  that  wore  condensed  on  their  surfaces,  The  smsllost  of  the  pn  rile  lew 
would  ranks  up  the  world-wide  fnllout  or  would  he  deposited  nt  large  distance* 
from  ground  aero,*  - 

The  Intermediate  slue  particles,  that  deposit  at  Intermediate  dls« 
t«n««s  from  ground  aero,  should  contain  radloclemenis  that  were  condensed 
during  both  periods  of  condensation.  In  fallout  of  a  given  particle  sUo  in 
whloh  •  fraction  of  a  mnaa  ehain  had  condensed  during  the  first  period  of 
1  nondenaation  and  the  remainder  of  the  maia  chain  during  the  second  period, 
the  gross  fractionation  number  of  the  fallout  snmplc  would  be  given  by 

MA>  «  n(t')  1  >  J  i^(A,t')j^.  J8,W> 

In  which  Mt'l  Is  the  fraction  of  the  element  not  carried  out  of  the  fireball  by 
Inrgor  particles  prior  to  t',  No  single  value  of  r«(A>  or  tV<A>  would  apply 
(o  nil  the  paritelea  smee  the  fraction  condensed  depend*  on  thellrnefiertod  that 
imoh  panicle  spurnli  in  the  ga*  volume,-  — 


In  the  dlacuaalon  of  the  condensation  processes,  some  attention 
must  be  given  to  the  effect  of  partlolo  sise  on  the  amount  of  the  element 
condensed,  The  vapor  pressure  over  the  liquid  drops  can  depend  on  the  sine 
of  the  drep,  espeolnlly  si  the  higher  iempernturen,  The  relationship  between 


*Tho  world -w Idc  fallout  from  air,  sen  water,  lower,  mid  hu fines  bursts  also 
contains  vapor-condensed  particles  which  have  activity  more  or  less  uniformly 
distributed  through  their  volumes, 


in 


drop  Hly,c  and  vapor  prcHHurc  Ih  ut von  by 


HTInp/p,,  ■4yM//i*l  (,'I.IVl) 

In  which  p„  Ih  the  vnpor  pressure  of  the  carrier  mnlerlnl  over  lltt'  liguld  with 
A  flat  surfncoi  p  Ih  the  pressure  over  the  (Imp .-of  diameter,  rli  y  Ih  the  surface 
tension  of  the  drop  (assumed  Ipclcpnmlcnt  of  T)i  M  la  the  molecular  weight  nt 
the  carrier i  and  p  In  the  density  of  the  liquid,  For  AtB  0,<  nt  liOlMPG  nnd  H)Oh 
ut  IBOfl-C,  the  value  of  y  is  (IDO  clynus/om  anti  HO?  dynes /cm,  respectively ,f 

The  value  of  the  ratio,  p/p„ ,  lor  these  values  of  y  is  not  very 
different  from  unity  far  particles  having  diameters  larger  than  n  few  tenths  of 
n  micron.  Ilonco,  unless  the  carrier  mnlerlnl  has  n  surface  tension  thnt  Is 
larger  than  that  of  these  two  oxides  toy  more  than  two  orders  of  magnitude,  the 
Increased  vapor  pressure  of  the  carrier  material  over  the  larger  drops  should 
not  l*  enough  to  InfluencibTfie  uondeneatton  process, 

—  — - if  .the  surface  tension  of  Ute  earner  mhiortat  were  oxiromety  largo, 

the  fission  product  elements  most  likely  to  lie  preferentially  condensed  on  the 
smaller  particles  nre  those  elements  whoso  volatilities  nr*  the  mime  ns,  or 
lower  than,  that  of  Ut*  carrier  Itself.  Those  would  uu-uonduivsc  with  the 
volatilised  carrier  molecules  as  soon  us  the  temperature  dropped  to  the 
carrier  belling  point,  since  at  thls  lime  the  vapor  pressure  of  the  carrier 
mnlerlnl  should  bo  n  significant  fraction of  the  total  prosmirn,  At  the  moiling 
point  of  the  carrier,  its  own  vnpor  pressure  would  be  so  small  a  fraction  of 
the  total  pressure  that  ii  could  not  innusnoe  me  moie-rraouon  ratio  even  if  ihe 
surfnee  tension  wore  extremely  large, 


,  Thus  tho  variAtlons  with  dlstsnoe,  or  with  pnrllolo  else,  that  arc 
foutwl  In  the  fractionation  number  sin  the  data  (see  sections  8,3  and  8,4)  must 
arise  from  two  onuses,  The  first  cause  is  the  gradual  eltlft  with  downwind 
distance  In  Ihe  mixing  of  the  melted  with  the  irregular  particles  or  of  the 
particles  present  during  both  period*  of  condensation,  The  eo&onel  cause  la 
the  difference  In  the  period  of  limn  thnt  the  different  «*l aetl  pn rtialcs  slay  In  the 
gas  volume, 


_ For  particles  with  n  fairly  large  range  In  sines .  the  mole  tract  ion, 

N,,  needs  to  boproolsoly  donned  {so*  p,  on),  Carrier  materials  such  a»  silicate 
■nil!  containing  metnl  asides  nre  rsfrnalory  mntcrluls  with  low  hjjjU  conduct¬ 
ance.  Hut  n  particle  need  not  Its  completely  melted  throughout  its  volume  In 
order  to  condense  and  dissolve  gaseous  malsouless  only  a  thin  liquid  layer  on 
Its  exterior  Is  required  for  the  process,  Hcciutue  of  Its  low  thermal  conduu- 
llvlty,  some  mitxlmum-eiso  carrier  particle  or  group  of  particles  should  exist 
thnl  melts  completely  when  exposed  too  given  thermal  cycle,  This  partial  melting 


iif  Ihn  Inrun1  imi'lldi'H  Would  limit  tlm  |i(>nct rnl Inn  nf  th»'  I'lmili'imluis  nlonmntH 
nml  of  ihoHfi  rnllonlnd  Ihrouwh  col  1 1  m  lim  with  (lie  vi>ry  omul!  Ili|nlil  imrlli'li'M, 


Thu  poimtrnllon  of  tlm  t'limh'iiHfitrH  Into  tlm  lli|iilii  drop,  nml  tin* 

I'liln  of  distribution  of  thn  ho  oondonnnloH  ItirmiKhout  tlm  vnliinm  of  tlm  drop, 
whnlil  ho  moro  rapid  If  oimihikI  hy  lurbuloimo  nml  cmnvootliin  rrithor  tlm  it  li,v 
simple  diffusion,  onpoti Inlly  in  punctrntlnK  or  (ItHtrlluitlriK  Ihmunh  lli<<  porlithoriil 
rontons  of  tlm  lltpild  pnrtlnlus,  Tho  pnornl  uniformity  of  tlm  rndloneMvo  onn- 
oantrntion  In  thin  stllrnto.  'fallout  particles—  ounce  hilly  from  tho  hnv  lower 
shots— Indlonlos  Hint  diffusion  Is  not  tlto  I’ontwlllntf  primosH,  Tho  oondonsnloH 
nro  ofton  found  deposited  moro  nr  loss  to  n  rIvoii  depth  i'Hini  tlm  Hu-rfium  of  tlm 
very  Inrgost  part  In  I  os  and  Inn  moro  nr  loss  uniform  oonoontruiluiL  tMijiiitlioiit 
tho  modlum-slso  nml  smnllor  pnrtlolos,  A I  though  thorn  nro  no  Haiti  for  yorlflon- 
tion,  tho  more  volatile  elonmnU  mny  form  solutions  in  pnrtlolos  with  the 
Inrgor-surfnoc  oanaontrnilon  uxnesacut  by  oondtinsliiK  In  relatively  Tnrito 
n mounts  Just  ne  tho  pnrttaloa  nro  solidifying, 


If  tho  nvornKO  depth  of  Umsurfneo  Inyor  non  In  In  Inn  tlm  oondensiitos 
In  doslitnnlod  ns  h  nml  Is  nssumod  to  ho  dm  sumo  for  nil  pnrtloloH,  limn  tlm 
numlmr  of  mules  of  onrrlor  per  fspherlen!)  imrtlole  involvod  In  form  Inn  tlm 
illluto  solution  Is  Klvcn  hy  ' 


n(f ,  p)  *  2$  | d(d«2h)  + 


,  d  >  2h 


<fl ,  5(1) 


in  wiium  Tu  r  vpHs  the  number  otTnolos-of  tho  carrier  (that  Wtts  meltoil)  In  tlm 
Hurfneo  layer  of  tho  iwrtldt  niitl  (I  In  the  partial  c  dlftmotor.  For  ill  Into 
solutions,  nj(p),  tho  number  of  mnlos  of  elonmiit  ,)  In  tlm  pnrliolo  In  glypn  by 


«,(P)  *  N 


)  : 


nph 


■2h)  + 


,  d  >  2h  - <11. rtf) 


If  i\„(p)  li  tnkon  ns  tlm  total  number  of  molos  of  tlm  onrrlor  In  tlm  pnrtlule, 
them  *'  '  -  •  .  ' "  -  - 


;  '  ,  ’  |tl(d-2h)  l  H/W 

n,(p)/n,,(p)  ■  6(0f)N,h*—>  - s  d  >•  (ih 


<h,hh) 


W 


n,<p)/n„(p)  »  N |  ,  d  nf 


(M ,  r»H) 


tin 


Tiw  mo|«  fraction  in  Mf| .  II, Rl)  In  I'm1  tlu>  pnrtlnlcH  Mini  hud  )hh<h 
iininpletoly  mnliiMl.  Thu  ridnlivo  tiniuu<nlrnllon  of  the  Mobile,  nj(p)/lV(|))N,  , 
htuimnoH  proportional  lit  l/tl  lor  il  Ulu  thin  nni'iir.’iMHio  wouiil  lm  niiulvilliml 
to  llu«  uiiiulonmillnn  of  n  mount  h  of  activity  in  iirofioi'llon  In  llu*  Hurfuon  nroi!  of 
tho  particle, 

There  arc  two  additional  factors  that  could  have  noma  bonrlng  on 
the  relative)  amount  of  an  element  that  aondensos  Into  the  liquid  particles,  Kl rat, 
the  larger  particle*  mny  fall  out  of  the  gaseous  volume  before  they  solidify  and, 
second,  they  may  he  melted  only  on  one  aide  (not  sufficiently  melted  to  form  n 
spherical  pnrtlnlaj,  f»nth  nf  .these  two  groups  Of  particles  would  condense 
smaller  amounts  of  all  elements  per  particle  thati  would  be  estimated  from 
Rq,  a.fifi.  7 11 

The  origin*  of  the  melted  particle*  In  the  fireball  may  bo  sovoral 
In  number,  The  email  vapor-condensed  particles  originating  from  vapor  IkwI. 
soli  have  been  mentioned,  Other*  are  the  p»H.ln!«*  that  were  originally  lying 
on  the  ground  out  to  aome  distance  from  ahot  point)  some  of  which  probably  arc 
warmed  and  perhaps  melted  by  the  heat  absorbed  from  tho  radiant  energy 
emitted  at  detonation,  These  particles  are  then  drawn  into  tho  fireball  as 
it  rises,  "  '  ••  "  _  ' J' 

\  •  -  -  -  -  • 

In  low  air  bursts,  whore  a  very  small  orator  is  formed,  the  latter 
mechanism  probably  la  the  dominant  process  by  which  particles  enter  tho 
fireball.  In  this  case  the  slae  distribution  of  the  fallout  particles  that  arc 
produced  should  be  thasams  as  the  original  sIma distribution  of  I  ho  snefanw  anil. 
In  the  detonation,  the  blast  wavs  would  powdor  the  surface  layer  of  sail  to  some 
depth  untl  the  resulting  dust  particles,  like  the  surface -melted  parti  ales,  would 
retain  their  ilsa  In  th«  formation  process,  However,  then  particles  would 
not  be  molted  until  after  they  entered  the  fireball,  l 

For  surface  detonatlone,  two  other  major  meohnnfsmsmay  occur 
that  cause  partloles  to  enter  the  fireball,  One  Is  the  "Jetting11  of  the  soil  where 
the  blast  or  shook  wave  hits  the  eoil  surfnoei  thle  should  oOcur  at  very  early  , 
times  after  detonation.  The  soli  grains  In  the  Jets  may  bs  partially  heated  or 
even  melted  by  absorption  of  energy  from  the  blast  wave  and  then  vaporised  as 
they  penetrate  Into  the  hot  fireball  gases  at  high  velocity,  Following  this  ejection 
of  the  purface-lsyera  of  soli  materiel,  new  expossd  but  thin  Inycrs  of  soil  may 
be  malted,  It  seems  reasonable  that  such  a  liquid  layar  of  aoll  would  Intervene 
between  the  vapor  in  the  fireball  and  the  layer  of  shook -powdoreri  oauh  na  long 
as  the  fireball  remained  In  contact  with  the  carUFs-surfaccb— If  enough  "fluxing" 
material  <suoh  as  the  carbonates)  Is  present,  a  rather  largo  amount  of  fluid 
material  could  be  formed,  The  other  major  meohanlem  takes  place  ns  the  fire¬ 
ball  llftai  the  liquid  Is  broken  up  Into  drops  that  enter  the  fireball,  followed  by 


Ihn  powdered  hoI  I .  The  niuuliunlual  break-up  of  tin*  Until  mu  mm  Hlimild  produce 
ii  I  tout  tin'  Hitmo  wlso  iliHtrlliuUnn  of  purUolos  from  nil  ltf|ui<lM  *  lint  Imvo  iilnnil  tin1 
Hillin'  mirfnuo  tension. 

It ,  U  Tin-.  IJepondftRoe  of  r  Klmljfl  II  PIU'IIIMH'I'H  PI1  Weinwp  Y.le  1(1  ptl  Tt  ipe.  Af!« r 

A  duHorlptlvo  miilliomntUml  model  of  the  ft rehdll~-KlylnK  tin  mlmi,  Himpf'i*-' 
aturc,  rato  of  rifle,  energy  rant  mil,  and  other  aim  rnot  t»  r  I  «t  i  tjw  -  ■*  I «  needed  to 
specify  tho  boundary  condition*  for  imp  In  tho  condensation  equations.  Hpuoll'l- 
oiilly,  tho  mathematical  (ioflortptlon  of  the  tirohnil  Bhoulii  be  designed  to  yield 
estimates  of  tho  quantity,  nf  <)/V,  Im  addition  to  the  others, 

Tho  descriptive  models  prosontod  hero,  although  crude  and  much  over¬ 
simplified,  are  organism!  to  bring  together  the  major  paramotorn  that  lire  In¬ 
volved,  H  should  l)«  understood  that  improvements  in  the  model  unit  ho  made 
when  more  details  of  tho  basic  data  are  clwolanHlfiedi 

Tho  Ims  I  a  reference  data  from  15 NW  used  hers  dnnls  mainly  with  the  de- 
riptlon  of  air  and/or  tower  dotonnUonB,  To  develop  tho  model  presented  In 
tills  report-  for  the  surface  detonation  tho  parameters  dosorlblnH  the  ulr  Ini  rat  , 
ouso  wore  organised  first.  Than  the  major  dlfferefuios  and  similarities  In  tho 
pnrnmotarfl,  for  the  two  types  of  dotonntlons,  were  noted  or  n»«timod.  from 
those,  new  parameter  vnluos  for  the  surface  burst  unso  were  established.  Thu 
ulr  burst  fireball  model  Is  Ideoll soil  for  a  dotonnlip  nl.sup  level  without  analr-j 
~ni»il  inipi'inve.  Tw+iie  nurfiieo  mirnlrminlol  prosenuni  norwi  the  fill oi'iuee  in 
iidtlud. 

Uondennntlon  roitetlons  mumr  during  the  entiling  of  tho  Urobilin  therefore 
the  highest  temperate  ro  obsorved  lit  tho  final  booling  ourve  of  tho  fireiiiill  Is  used 
rrs  n  1‘ofei'eiicie  point  in  tompernUirq  and  time,  this  rtiferoneo  point  Is  (ho  time 
ortho  second  maglmum  In  the  observed  (eslerlor)  fireball  temperature,  wlffli 
oemiri  Just  after  Iho  blast  wave  breaks  nwny  from  thu  fireball,  At  this  point 
tho  energy  of  the  shook  wave  Hns  decreased  ta  n  level  at  whlah  It  is  no  longer 
able  to  otuiso  inonndeseonov  of  tho  air  molouuloM.  .  _ _ 

the  descriptive  models  are  dove  lulled  according  lo  the  following  format  i 

1.  At  tho  starling  referonoe  time,  the  fraction  of  the  released, one rpy 
Is  specified  loft 

n,  The  fireball 

b,  The  blast  wave 

o,  Thu  amount  of  energy  lost  liv  thermal  radlaUon 


ns 


a,  Thu  original  Mink  id  the  itmlcrlul^  lit  thu  Urclmll  !m  taken  iim 
thulr  h1  nmlii ril  1  hiirnmdyniiin (■'  Mlnli*  ill  and  I  ntmoHphuru, 

it.  Whore  nuikit'lMlH  iti'n  hiiiili'ii  siulTUdonlly  lo  iiiiuhh  dlssouliillnn,  llui 
onurgloH  nt'o  cnlmilntdil  n h  If  til hhouIhi ton  nomimnl  ill  UI)H'IK  nnd  mm 
II  the  dlssouliilud  ill  run  h  IiimI  Iiuuii  hunted  iim  Idenl  genes, 

A,  Tho  Inlornnl  unerg, v  of  I  ho  gin*  alums  In  thu  flrolmll  In  uilllKcnl  oi’ 
i'n  km  duel  during  (tooling  by 

M.  Tliu  hunting  oflnl'lowlng  ul i*  nml/nr  moII  nmlnrlh I 

h.  'Tho  ewnndlng  of  tho  gnserngninat  tho-oxternKI  atmosphere 
(nt  1  n  linos) 

o.  The  radiating  of  onergy  Into  the  atmosphere  • 

u  .  •  i' 

ft.  The  second  roferenoe  point  ton  nitnbllshing  ft  thermal  bnlftnc©  In 
taken  nt  tho  time  nt  which  Ihu  solidification  tompornture  of  thu  enr- 
t'lor  ouinit'a. 

A  more  refined  lrontmtJ.nl  wotiltl  oonsldor  those  parameters  for  tho  whole 
lampornturo  range  over  which  the  llqvilrl  carrier  mnlorlnl  nnn  exist,  Also,  ox- 
oopt  for  energy  lost  through  radiation,  lanisnUon  energies  lire  not  considered, 

-The-iiigtri Ir.ttlon  af  rBluftsi^jihJTiiiU'tir-thtalT  burst,  annnntingTiJ  RNW 
p.O,  ii  lit  percent  tor  nuolonr  radiation,  BITperoent  tor  thormnl  riullntlon  (fSNW  . 
oanaslannlly  terms  this  thormnl  energy),  nml  no  peroont  tor  blnsl  anil  shook,  The 
Umo  or  time  period  After  the  ctelonntirm  hi,  whioh  these  values  npply  Is  not  given,- 
nor  is  energy  nllallecl  for  the  prooesies  eiium«natod  above,  Certainly  the  die* 
tributlon  of  the  total  energy  among  its  various  forms  is  time  dependent,  and 
eventually  all  of  the  released  energy  does  bouoirto  thormnl  or  hunt  energy,  Hut 
for  the  purposes  of  tho  descriptive  model  usotl  here,  the  Initial  speoifiontlon  of 
tho  energy  distribution  Is  required  for  the  time  of  tho  second  tormpornture  maxl- 
mum.  Therefore,  of  tho  energy  distribution  values  given  by  10NW,  only  the  111 
percent  tor  nucioni’  rmllntton  t*  nssumod  to  ho  unnvnilfiblo  tor  use  In  other  pro^ 
oossos,  The  remaining  «A  percent,  then,  Is  to  Ixi  distributed  nmong 

1,  The  energy  lost  by  rndinnue 

— ii.  The  energy  curried  Iteytmd  the  II  rul  m  1 1  pe  r  I  mete  rliy-tbirbiniBk  wnvn 

ili-  the  energy  uortknl  of  the  firubntl, 


Iii  limiting  the  oatlmntea  of  the  energy  iIIhI rllml Inn  nmoiig  llteae  three  t|iinnilllOM, 
ilnln  fn r  iho  atM<T  nlr  burnt  from  KMW  Ih  lined,  The  energy  omiverHlon  1'itotnr , 
1,1 1  x  I  fl1*1  uiiIh/KT  (iwiloVli'H  put'  kllnton),  Ih  ndnptod  ho  Min  i  n  aO-KT  y  loft  I  Ih 
equal  to  nn  enurgy  rolenne  of  a.auxlO111  nnlorloH,  OfthlH,  l.HOxlO11'  onftirloH 
Ih  nvn llithln  for  division  Inin  throw  purtH, 

In  tho  following  treatment  It  Id  nnsumod  thill  tho  nlr  mnlwmiloM  In  thu  blunt 
wave  tin  It  lonvon  tho  flrebnll  move  outward  at  I cnnt  nn  fnnt  nn  tho  fireball  ox- 
pnndai  they  nre  not  enveloped  by  tint  fireball  prior  to  tho  noonml  temperature 
mnxlmum.  Htnua  thano  mnlbaulon  abnorli  mnino  of  tho  energy  In  tho  lilrtnt  wave, 
envelopment  of n  good  friiollnn  of  Klein  would  Inwronnp  the  energy  corilunl  of  the 
fireball  rolnllvo  to  Hint  nnrrlorl  nwny  hy  tho  blast  wnvo, 

Tho  energy  Iok|  from  tho  flrebnll  by  fwllniuio-prloMo  tho  (lino  pf  tho  ape- 
owl  tempo  rnturo  maximum  Ih  wntlmntud  tojin  h  poruont  of  tho  lolnl energy  faou 
Ixtlow),  Tnr  n  ao-KT  nlr  burnt,  tlm  rntUiml  energy  IwU  up  to  thin  tlmo  Is  them 
litlxlf)19  onlorloH.  Thin  lonvon  1 . 7 1  k  1 0 1  ®  onlnrlon  for  Imlh  rnrninUnn  nf  tho 
fireball  luid  dlnpordiil  by  Iho  lilnnl  wnvo, 

Tho  onurgy  unrrlurt  nwny  by  the  blimt  wnvo  an  It  nopnrnitonTrom  the  fire¬ 
ball  Nhatikl  eonnlNl  of 


iit  Tho  Interim)  energy  oontent  of  thu  nlr  molmmlon  emprogdod  nn  n 
uvfnperiuiiro  rise,  '  ••  "  “ 

b.  The  nomiireftnlon  ottoriiy  II, e.,  tho  tlyiwinle  nrwaqufo  of  thu  mi  Iso),  and 

c,  The  potential  energy  or  worh  oxjmmaeri  In  term*  of  the  outward  vci'*- 
lenity  nf  the  wnvo,  Tor  h  80-KT  yield  weapon  the  monmired  flrolxill 

r  ■  temperature  dee rouse  prior  lu  tho  acuontl  maxi  muni  (atm  TN)iV  , 

p<  fill)  ii  taken  to  be  the  tleoroiwo  of  tho  nlr  tomporniurti  wllhln  lho 
blnnt  wnvo  Itself, -  -  - - 

Tho  temperature  eitrve  In  thin  period  of  time,  expressed  nn  nn  limy  on  so  In 
the  nlr  lomporrUuro'IVom  that  of  Um  ambient  nlmanphoro  <mn  lie  represented  by 

AT-*  a(Mrll,,U'  <I).(I0) 


for  t  In  Hoomidn  and  T  In  "K,  l«’or  an  appimmt  lironlmwny  time  (l,o,,  the  Hum  iho 
blimi  wnvo  In  no  longer  Inenmlodubnl)  dTOin  hoooihIh,  at  Ih  JHOO'K,  For  fhld 
tempo  vatu  re  rise,  (lie  oliungo  in  intornnl  energy,  AM,  for  nlr  Id  IO.hihi  citli-trlbH 
per  moloiniie, 


The.!  peak  iivof  r|n,oHHUi,(iH  Irmn  KNW,  p,  liili),  for  n  20  KT  11 1 r  Iwi'Hl  oitn 
Im  roproPonM  In  purl.  tiy 

p  =  i-*2,  11  ,  r  -  2,4xl<i4  l.n  f.ilRlo'1  (II, Hi) 

where  r  lx  the  fireball  rndlux  Ih  cm  and  p  lx  the  ovor-proBauro  In  pml >  The 
variation  of  the  fireball  rnrtfun  with  time  up  to  thu  briwkflwny  (from  KNW,  p,  (ih) 
non  lie  represented  by 

ra0  -  -l.qiimo4  t0,  372  ,  I.  *  ITT"  to  0 ,  015  (*».«>») 


for  r  in  um  nntl  l  in  seconds,  At  U.Qlfi  second  r  la  I,04xl0‘l  um,  noil,, 
extrapolating  Eq,  3,(11  to  1,04x10''  om,  p  la  020  put  <42  ntmoaphoroa),  The 
corroaponding  value  of  the  peak  dynamic  proaeuree  la  13B0  pal,  which  la  equal 
to  a,i9  oal/omB  (1  psl  ■  i.flflxlQ"11  cal/om4)  For  a  tompornture  of  2100*K 
(isobHi),  the  number  of  moiea  of  gas  ntomi  per  om"  at  n  preaauro  of  48 
atmospheres,  by  use  of  the  perfect  gas  law,  Is  8,4x10"'' ,  The  energy  absorbed 
by  the  gas  duo  to  the  compression  Is  then  9,lxlOn  cnla/molo, 

The  outward  velocity  of  the  blnst  wave  is  obtained  by  differentiating  Rq, 
3,63  to  give  .  ....  f  ^ 

v„  «  l,8BxlOrt'0,6*H  (fli'OH) 

Using  the  groaa  kinetic  energy,  1/8  mv?  .OR  a  measure  of  the  potent  I  al  work  or 
the  wave  in  moving  the  air  molecules  outward,  and  converting  this  measure  to 
number  of  moms  orarrnnd  to  caloric  unite,  the  energy  content  (ft  0,01B  Rooand 

is  ... .  _  -  ,  '  •  -  ....  '  ..  ' 

qr  «  2.28x1  tV' i»|  ...  (IUM) 

where  n(  is  number  of  mnlei  of  air  in  tho  blast  wayo  nt  the  broaltnwnyr  Thn- 
tatnl  energy  in  the  blast  wave  is  than  approximately  ..  . 

Q,  "  1 , 09x10*01)  4  n,  9) h  1  O’* nH  +  2.aflxlQVa  pi 

-  -  -  -»  4.28xl0*na 


Tho  energy  content  of  the  fireball  at  the  second  maximum  should  bo  equal 
in  tho  energy  utilised  In  its  formation,  That  ir,  it  consists  of  1  - 

a.  Tho  Internal  energy  for  a  temperature  flic  to  BilQO’K  (for  80-KT, 
ace  knw,  p,  OH)  ' 


I). 


The  dlssnulullnn  cil  a  cinrtnln  number  or  all'  ttuilonulna 


The  wol'Ii  of  oximnctlng  flu'  gnef'S  to  the  flrnbiill  voiiihio 
at  thn  snonud  maximum 


Tho  tliorniudynHinlo  first  lay  nnnrgy  Imlnnee  for  this  process,  assuming  l(M 
behavior  of  tho  gases,  la 


Qu  *  (AB^,  + 


P«Ys  -  o«  HTn 


(11,0(1) 


In  which  ij„  la  the  number  of  molea  of  umHaaoolritafl  Sir  molecules ,  n!  in  the 
number  of  molei*  of  dissociated  atoms ,  AEp  Is  the  change  In  Internal  energy , 
Kiihiki  -  Sum  ,  per  mole  of  atr  molecules  for  the  final  mixture i  of  juses,  AEn  is 
the  average  dls*oclatltm  energy  per  mole  of  dissociated  atoms,  Vg  is  tho  lirobnM 
volume  m  ttio  second  maximum,  n„HT„  Is  n  substitution  lor  J*„Vn  whore  V,,  Is 
the  original  volume  of  the  heated  air  molecules,  T„  Is  taken  ns  gfll’K,  and  f*„ 

Is  talwn  ns  I  atmosphere,  :j 


From  the  curve  given  In  ENW,  p,  dll,  lor  the  BtHKT  burst,  the  fireball 
radius  at  the  second  temperature  maximum  at  o.ifl  seconds  Is  880  feet  or 
1,80X10'*  cm,  The  volume,  V,.,  is  than  8.80xl0'n  omfl  and  hence  H  V*  is 
0,8x10’*  cnle  (i  onl  ■  41,88  om-etmos) 


The  values  of  A  ET,  AMB,  nu  and  n'  depend  upon  tho  internal  pressure 
because  the  degree  of  dlssoolatton  of  ths  oxyaan  and  nitrogen  are  pressure  ienel  ~ 
live,  For  example ,  with  pure  nitrogen  where  the  dissociation  reaction  t*  doflnnd 

by  .  .  ..  ..  ;  •  ■'  ■ 

'  N,(g)  -  8N(«)  (n,07) 


tbiiMotlon  of  die  Ng(g)  molecules  dissociated  is 

where  K„  is  the  dissociation  constant  In  torms  oi  the  partial  pressures,  n„  (N« ) 
Is  the  total  amount  of  nitrogen  In  terms  of  Nr(g)  nnd  x  Is  the  amount  of  %(«) 
dissociated,  -  -  ■  " 


no 


Tho  rnlH.1lnnNhl|t  lu'lwor'R  thf'  friwtHnn  nf  )hn  itinfenMilnM  dtMHootflfod  In 
h  mixture  of  n'l-wcw  und  Ihn  lnt.ii.1  preexuro  im  morn  nompl leafed  1-hs.n  Mini 
Rlvwn  liy  Jllt| .  a. «7,  Tht'  nquiUferl-Mm  tfinIrflHiUnn  oquuUnHM  for  dr,  iiinlnp,  m 
f»l Kl'tirn -of  II, Nn„  nf  Nk4k)  until  o.ifev  of  li»<n')i  nee 


4H*<tH 

’N  "  <(n  „  'iM'fy)  (0.  Mn  „  -*■) 


(!U!A) 


4 IV 

K>  ' 


ijiw  wM«h  iK,^  nmd  Kh  ams  #w  K,p  fer  filiroipen  nndj  oxyRtm.  ircxjwM'ivwtyj  *  *tfl  y 

Wit  l;hy  respective  :ti-mtiun1.a  ^lBsecitt-liC!5,  And  I*  1b  Ifee  WnH  f^Atamrw, 

The  Bol'tfWon  far  x  And  y  oar  fee  aimpfl  feted  over  mio+i  of  the  leiemwr^urc 


Trthle  fl.l .  The  vndwea  of  my •Ob<m  Bind  Hu  wene  ttertved  WAWiil#  from  itlhe  4n1a 
of  -K M;  mWltey*  And  JHmIM  nnd  VitnKe?  fJMnwnten  (mm  ifee  tern  oropfteni  dniiH 
wai  'WAdn  Mar  Dw  n4nHiHni 


v:r  WM 


4in  endued  At  WWnK  And  «b»v«  for  ftromdrolAW  In  to  iMmiepffeim,  AHik»,  d 
t&miMJ’aWfii  btflcw  4®0tJ%  ittfeTfifen  in  ■di*»&e-i,a,ted  to  *  w^ii|ptW«  KB^jpew, 
fidrillhoK*  H-wn  towtiwwHlWB  mugei  And  own  fee  m#w<d,  to 


SPPw^llf1  11  ■ f  11  *am*VL  #«*** 


y7'W„t('0|t')  *  -™1  Wl  F  Ml*/K„  -  2/»;|  ;  t  9  4M§*K  <  f8,f8f 


Apiiroxlri'iilc  Holntlons  for  llm  (cm)*  riiliirr  rnngr  41100  in  (1000’K  mill  Ini’ 
cast’ll  where  other  kiimcn  besides  nitrogen  and  oxygen  lire  present  lire 


ii'j<  K,  j  r  J,  iP«„  ” 

V  *  - - |  /|  +  — - -  *! 

v  «»3  y  «xK« 

where  iiy  Is  the  total  number  of  mutaa  ol  I' gits  present.  These  equations  enn  be 
solved  by  a  serl©*  ofupptNJXimflMeiW.  -The  change  In  energy  content  (Including 
dissociation  energy  ami  number -at  moles  of  gas  in  heating  air  na  .in  ideal  gas) 
from  (lie  above  caiialluiut  ttre  given  In  Table  a. 3]  the  Kip-Kap  values  aim  to  Ik* 
’Identified  With  ARj-tt  ARp  of  Rq,  .1.00,  The  fractions  of  the  nitrogen  and 
oxygen  molecules  dissMatod  as  a  function  of  tempo ratu re  nod  pressure  arc 
showntn  Figures  8, l  and  fi.a, 


At  (ho  temperature  of  the  «wui*l  maximum  of  the  20 -KT  fireball,  N3flflK, 
(Die  curves  show,  u  previously  staled,  that  the  oxygen  molecule*  are  100 
percent  diaaooiatad  at  pressures  up  to  20  atmospheres  or  greater.  However, 
the  nitrogen  molecule*  a  re  noli  at  30  nimosphe  res ,  lets  thn  n  80  pereent  are 
dissociated .  And,  since  the  dissm  muon  energy  Is  large,  compared  to  the 
C#dT  contributions,  an  estimate  of  ihe  Internal  gas  pressure  (al  Uic  second  t 
maximum)  Is  needed  to  obtain  a  reasonable  value  of  (he  total  chance  In  energy.  { 


mm  thefl  reball  volume  «»i  temperature  at  the  second  maximum  arer 
specified,  the  ratio  or  the  number  of  moles  of  gas  to  the  pressure,  by  assuming 

the  perfect  guv  lam  Is 


..  ■  ■■  .....  #■- 

n^l’  *  i.  18x10*  (0,7B) 


Tiiblu  ft.i 


THERMAL  PftQPEfUTKS  OF  NITROGEN  AND  OXYGEN  AS  IDEAL  GASES 


T*K 

Ml 

■n 

gg 

■H 

Dlaioolatlon 

Oomtant,  K* 

999 

0 

0 

mm 

0 

m 

f* 

'  BOO 

808 

1,058 

787 

- 

M 

1,000 

3,784 

HlmS 
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1,71X10' 
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37,530 
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07,330 
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70,870 

31,840 

1,88x10 a 
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ft,  Fvf^aHstfesas  ft,  O^gj^ejg),  •  VHiii*3te$fttgBd  wars  113,540 

oal/mele  far  tha  boat  of  formation  of1  Ntg)  and  81,915  oal/mol*  for  tha  heat  of 


formation  of  CHf),  Tha  valuoa  of  AE,ai  of  formation  ara  113,095  eal/wola  of 
N(g)  and  69,980  oal/mole  of  Off),  a”'  _  '•“*  „•./ 


Tha  othar  facia  aaain  apparent.  Ffrit,  tha  flraball  la  ftUJ  axpandinx  at 
vha  atoond  maxim  umi  tharafore,  the  Intarnalpraaavr*  m.uat  bo  greatar  than  1 
atmoaphar*.  Saoond,  tha  blast  wav*  aaparatod  at  a  praasuro  at  around  40 
atmoapharfiat  0,010 aaoondi  tharafore  tha  internal  preaaura  of  tha  fir* ball 
muat  bo  laaa  than  thla  and  would  Hava  dooraaaad  considerably,  by  both  cooling 
and  amending,  up  to  0.18  aaoond,  For  example,  the  ga«  volume  at  tha  break¬ 
away,  from  r6n  ,  ia  4,7*10  ^  om i  t  thus  th*  flrebali  volume  inorcaaed  by  I 
factor  of  B  between  Q,0lB  and  0,lS  aaoond  so  that,  on  volume  axpanaion  alone, 
the  preaaure  would  have  deoreaaed  from  41  to  B  atmoapherea. 
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The  values  til'  the  I'nt |o  til  Hie  total  number  of  gus  moleculea  (mmmih'IiiIci! 
pi un  (liHtHod IniiMl  nir  maloouios)  to  I, ho  number  of  orlglmil  <iiMwtwi|iiio<|.)  i;n h 
molecules,  n„  /n„ ,  for  henting  nlr  (0,HN,  a  o.iKb)  from  idtIN  to  HllOiris,  unil  tho 
energy  uhnngo  per  molecule  tif  the  orlglnnl  iilv  muloouloN  along  with  the 
ciompntlblo  viiIuom  of  lJ  and  n«p  from  Mq.  H.7R  nr*n  shown  in  Tallin  H,li. 

The  total  enor'gy  required  for  heating  and  dissociating  the  air,  nnfKT'Kaafl)i 
for  each  value  of  l1  shows  that  all  the  avail  ah!"  nnorgy  for  both  tho  blast  wave 
and  the  fireball  would  to  roquirod  if  the  internal  pressure  were  its  much  mh  IU» 
atmosphere's,  in  this  onse,  the  original  volume  of  the  air,  hbobtiIIwr  Jo  the 
perfect  -fl8 i '  Inw,  would  bo  atout  a  .An  10*'  tint1 ,  nr  nlmut  half  the  volume  enclosed 
by  the  blest  wo  ve  at  tint  Units  of  broa kawmy  (4 ,7»S  (I ’ u  tmi' ) .  Htnsm  It  itoenni 
reasonable  to  assume  Hint  the  origins!  nlr  molecules  at  a  Riven  ioOTtten  wnuM- 
not  be  subject  to  forces  tending  to  move  them  away  from  the  Center  nf  ihc 
explosion  prior  to  the  arrival  of  the  Must  wave,  8  ronsonnbly  Rood  ustlmute 
of  the  original  nlr  molecules  involved  in  loerth  the  formation  ofthe  fireball  and 
in  the  blast  wave  packet  is  that  they  are  these  enclosed  within  the  volume  the 
latter  at  brealtawny.  The  perfect  gas  law  estimate,  for  air  at  anS'K  awl  l 
atmosphere  (V  *  -!l ,7xltf u  omN),  gives  the  number  of  nlr  molecules  for  iilt  the 
number  of  air  molecules  In  Ihe  blast  wave,  find  n,,  the -number  of  Mr  molmniics 
In  the  fireball ,  to  bn  .  _ ' 

-  -  I  .  ■■■ 

rij  +  n.,  r  1,02x10"  fP,7fl) 


slculatctf  valucis-sf  iSn  are  shown  in  the  last  en1«95B  of  Jiahlo  11.11,  jtjdof  of 


n,,  nod  n„  against  tho  cempailbln  values  of  1*  give  w- intercept  lit  nH  •«  1  dffnlfl 
moles  of  air  and  I»  •*  1,1)0  atmoipheros,  At  this  pressure,  ,Ji« "ifflliWiw--'^ 

cnl/mele  of  nlr  dtakwutos,  m  Mini  the  energy  ttbsmrtwif  liy  the  nlr  for  the 
8Q»KT  yield  fireltall  is  1  ■fllstt!)18  calories  Pence, %,  In  l,f»l>tHlw  iSilorles  :  1 

wjfpemni  ffl'ihr  W,nl  energy  r«ht1  tjf,  Is  fJ.tdiiWF  calories  or  0fl  ptn'roui  of 
the wlnl  energy, 

Tho  y lehl •  iJeimndcnl  Tnncttons  (sealing  relallonihlpi)  for  the  fi  retail 


temperature .  radius ,  awl  ether  pnrameters  nan  he  tin  rived,  from  the  Information 
given  in  KNW,  pp,  (hi,  (IP  and  wo-Mgr  In  the  treatment  here  some  adjustment 
Is  made  to  obtain  consistency  among  iho  various  functions, 


flic  t  heroin  i  power  of  the  f  I  redw  U ,  an  mi  ml  ng  I  Mae  h  -tody  conditions,  Is 
given  by 


P  J .  7-1xHr"  T«  W1' 


(11.77) 


for  P  In  cli lories  per  second,  T  In  '  K ,  nnd  It,  the -tl t*olsn  1 1  radius,  In  cm.  The 

liiTl 


THE  CHANCE  IN  KNEM1Y  CONTENT  AND  NUMliMH  OP  Mni.KH  Olf  (1  AH 
IN  II IfiATINCl  I  MOLE  OP  AW  AH  AN  IDEAL  OAH  PNOM  ilOH'K  AND  I 
ATMOSPHERIC  PRESSURE  TO  T"K  AT  PRESSURES  OP  I  TO  2« 

ATMOSPHERES 


1.  n{  f,ip* 


Total  pronmiro,  AUnoapliopoa 
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~ 

'  - •  — — " 

2,  male*  gM/moio  hlr 

% 

2000 

1,000 

1,000 

1.000 

1,000 

1,000 

2000 

1,008 

1,002 

1.001 

:  1,001 

1.001 

8000 

1,051 

1,017 

1,011 

1,008 

1,000 

4000 

1,100 

1.180 

1,100 

1.083 

1.008 

8000 

1,218 

1.808 

1,105 

1,180 

1.100 

0000 

1,812 

1,880 

1,881 

1,280 

1,220 

TOOO 

1,800 

1,501 

1,402 

1,840 

1,905 

8000 

1,554 

1,107 

1,071) 

1.870 

1,485 

000Q 

1,074 

1.081 

1,808 

1,821 

1.728 

10,000 

1,008 

I414MMIM i  Mi  t  **-*«.  mma 

1,080 

1,008 

1.040 

1.801 

*i»  ■  O.Rri  (Nft|  *0,a«(0.Ii  RM4  Iim'LmIi'r  onni'gv  nf  dlHiioolullon. 

1>  a  4  1 


null  mil  WHirgy  imilltnil  In  nnnvnnliml  In  itnn  In  luljuni  the  ilnnhuul  mpii!  I  nw 
rtiliillnnahlpa  Mlncm  nxpnrlmnnln!  monmirnmohlH  Imllniitn  Chnl  (lie  I ol ill  nmnuiil 
nf  niinruv  riulltilMl  Ih ,  ul  Iwixl  npproxlmiitoly,  proporl  Inmil  to  Iho  I’ulwimul 
uimrgy,  Thu  rmllnni  oivnrgy  -lout  up  Co  Iho  limn  of  tho  mwoml  Hwipurnluro 
mnxlmum,  („,  In 


i« 

.  n>  (»)  /  I’d!  (A, 7") 

A  nlmiiiir  tixpi  fiBBlnn  win  ho  writUm  fnrt|i  (ii),  ilvn  oiiorgy  j'lUltftUldTPom  l  » 
to  nnrno  Inter  tl mo,  l.  -  -  -  - 1 — 


Inlngi’ntlon  to  tlmea  when  Imtamlepnenwi  no  longer  ooaurn  ahmihl  be 
equivalent  to  tho  total  maaaured  amount  of  radiated  energy,  integration  of  the 
P/Pd  otirve  glvon  In  RNW, p„  Mlfl,  glvn*  qg(n)  nquul  to  0,87  Pfe  f„  enlorlos. 

Tho  valuu  of  q* (a)  la  found  to  he  given  by 


quit) 


m 

Pal*- 

0.  345 

»;r 

+  1, 20 


10  _ . . 

I  Ct/ta  )-1, d(t/ta>  +  10qg* 

1,4 


<n.70) 


where  P,  la  tho  thermal  power  at  the  aeoond  mnxlmum,  ti  I*  the  tlmo  of  tho 
aeoond  maximum,  nnd  1:0  q,^  la  tha  energy  radiated  after  t/t,  ■  10,  Tho 
aaoond'  term  of  ftq.  fl.TB  wan  rtnrlvori  from  the  euwe  of  ENW  «nd  glvss 
preoiao  representation  of  the  P/P,  curve  between  tho  t/tr  vnluea  of  1.4  nnd  10, 
By  uao  of  Rq,  n,77,  it  onn  ho  wrlttan  - 


*  l.aS^Rfd./tr)"1,590!  i-4  *t/ti  a  in  (fl.NO) 


If  R  1«  aniumocl  to  he  constant  In  thla  Interval  of  time  nnd  equal  to  the 
maximum  flrehel!  rsKlIua,  R*,  then  we  hevr  thut 

nm.»  i .  1 5R B  •  i.4  «  t/tj  *  io  <imi> 

iuhI  .  ‘  1 


T  *  TuU/Ih)"0,  ,  1,4  *l/t|,  s  in  <n;fla) 


j  as 


However,  Uiti  oni'vo  iif  temps  relurii  will)  Unit'  given  In  BMW  (|>,  (ll*)  Ih  icpri'Hi'iib'd 
only  npproxlmntely  l>y  Mc|.  II.H8  In  U*i«  rrbillvi'  ibmi  period  whon  plollorl  ngnltint 
l/l„  nxliig  Oils  Mooond*  for  ly. 

On  tha  othur  hand,  for  t/ij  vaiuea  grimier  Uian-10  the  lempernlu re  curve 
In  well  ruproNunlod  by  a  function  of  the  form  T„  oxp(»M/tg)i  (Tn  and  It  bullin' 
oonatnnlM)  which  Join*  smoothly  to  the  ourvti  from  eufllor  time*.  Thla  euggwet* 
that,  for  Mine*  greater  than  t/tj  of  1.0,  tut  exponential  temporalum-tlmo 
function  ahould  give  n  boiler  representation  of  tho  loitiperBiu re  variation  with 
time  thnn  Bq,  11,8)4,  The  function,  filled  to  Join  Kq>  8,88  »moothly  nt  t/tu  - 10  lw. 

"T  'it  0,  SMiy  0’l,',,^«tVt,i  ,  i/ty  *  |()  (11. 8(4) 

«  ....  _  _  _ 

The  vatu*  of  lOqjT  can  be  evaluated  by  ua*  of  either  IsmpaMikuMi 
equation  by  noting  that,  experimentally,  q  1*  not  meanurablo  at  temperature* 
lower  than  about  0,iTg  (l,e„  between  000  and  100Q"K)  whon  tho  n**uinpllon  la 
made  that  tho  firaball  radiua  remain*  conatant  for  a  very  long  period  of  time. 
When  O.JTaJe  aubatltuwd  ter  T  In  Bq.  8.M,  t/t*  la  380  and  with  Iflq.  8r«i  It  i* 

40,  The  time*  for  the  tlupperaUire  to  drop  to  0,1  Ty  for  a  tg  of  0,10  aooonde 
(80-KTJ  are  40  aeuonde  and  7  aeoonda,  rcapootlvoly,  Iteuauie  of  tho  obvious 
overestimate,  from  use  of  Bq.  8.88,  of  the  time  ter  the  temperature  to  fall  to 
o,lTa  a  high  value  of  10qaw  would  roiult  from  its  uae  even  without  considering 
tin  inoroneo  tn  the  fireball  radius  after  1  otM , 

T  Ttowevur,  nrprooqedlngTurthor  with  thoae  eBiumptiofia^ii  la  found  that  7 
the  two  rtiipuaUvo  values  of  10qw*'  ere  0,48f»gl|  for  Eq,  9,82  end  0.33l\  tn  for 
Bq,  3,88,  Indicating  (hat  Bq,  8,88  would  give  about  twtee  na  much  radiant 
energy  omitted  after  1 0iB  ai  would  Wq*  8.08,  The  total  energy  retliHUxI  ia  lltun 


qT(«)  "8.  hlPytj- 

1 

(11.841 

by  uau  of  Bq,  a, 18  ter  T  from  t/t«  « idto  sail  or 

. 

qT(*l  •  8,  HiPgt* 

1 

(11 JD) 

by  uae  of  Bq.  11,811  to  T  from  t/l  a  »  10  in  48, 

• — - 

tun 


If  thn  Inlni-nmUon  of  FNW  (  p.ll.'U)  Is  need  (.»  solve  for  the  eoollU'tonl  nl 
With  (|T  hijiihI  to  VV/.'l .  fl  tioHlilolfiiil  of  1UI0  l«  olititlnedi  thin  wirrcwpomle  to 
|,ho  ronull,  of  »q,  :,l, 84  wll.lt  Uto  eaucaaivnly  Inrgc  vtiluo  oTl0q„".  Tito  coofltotorlt 
of  p,l,  man  be  solved  with  reaped.  to  tho  total  available  energy  by  c^K)  oqual  to 
1 41*10**  ft(W  In  calorie*,  where  fn  i»  tho  fraction  of  the  taint  energy  releftaed, 
For  P,  In  term*  of  R,  and  T„,  l;ho  iibovo  equation*  can  bo  rearranged  to  |ivn 

f  *  },56xJf)"“''  'iVVMr*  (»'■»») 

where  «  la  tho  coefficient  of  P,t,  In  Kqs  a, 84  and  a, 85,  n  tho  previoualy  u«ed 
valuesrRr^  l.SBxlO4  tim,  T,  -  B  HOICK,  t,H  «  0.15  aeoonde,  Mini  W  -  HO -KT ,  are 
aubititutod,  L  la  then  0,188  a  ae  that  for  an  j  value  of  2,88',  f„  is  0.52  amt 
for  the  value  of  8,30  Ilia  0,4?,  The  value  of  ft, 4,00,  calculated  from  the  J5NW 
data  l>y  using  an  f «  value  of  0 ,883  to  begin  with,  give*  back  the  value ,  t)  510 ,  for 
a,  n  may  be. concluded  front  this1' value  that  the  curves  for  ft  end  f  for  the  00: 
KT  yield  and  the  Information  on  q-j.,  P?,  and  t.  na  given  In  KNW  are  not  consistent 

The  dependence  of  T*  on  yield  can  be  evaluated  by  rearranging  Kd,  8,»« 
to  give  . 

"oV««T0»f,  W/a  "  ..  («.87) 

If  th«  value*  of  %  ( ■  T,,  and  a  obtained  front  MNW  aw  eubatltutod, 

the  value  of  T,  la  found  to  be  8500  W'0iOT",  Thie  function  given  a  T0  value  tsf 
8800’K  for  a  80-KT  yield  and  of  «aw»K  for  a  1»MT  yield.  :  Thue,  T4,  as 
derived  from  the  S!W  stmliftg  fttootiehg,  it  iwi*  lower  than  the  "observed" ,, 
eurvo  In  INW  for  thOft-KT  yield  and  d*ttroii:ei  much  too  rapidly  with  yield,  - 

To  obtain  more  reaonable  and  mere  internally  oonaietent  Information 
for  uaa  to  the  idealised  air  burat  fireball  model,  the  variotte  parameter  fuwttow* 
from  TfiNW  were  edjuetod  to  a  act  that  was  consistent  with  roapecHo  their 
functional  form  and  numerical  valvtoa,  The  reeuKinf  eel  of  fund!  one  wa« 

deyivotl  ^efterfy-tdiliaitioBi  given  liy » ;:f  - - ~ 


y " 

qT(e)  *  0,  50  W  NT 

-Hi  («•«»> 

q,U)  •  0,08  W  KT 

(8,88) 

rUgU)  ■  0,42  W  KT 

(8.80) 

Qu  »  0,  40  W  KT 

(8.81) 

mn 

Tho  uti trillion  of  dm  fractions  of  tho  Uitnl  I'liorgy  (O.UM  lor  tilnHt ,  (l  ift  for 
nurlonr  radiation,  rtnd  O.ftT  In  tho  flralmll  up  to  (ho  aecond  maximum,  Including 
(ho  0.0N  lc»Hi  by  radiation  up  to  thnt  time)  loaves,  from  (ho  nlxtvc  separations, 
0,07  of  (ho  totsl  energy  for  mioh  processes  am  hauling  awl  mining  of  air  thnt 
enters  (ho  ffrobNli  after  tho  secuml  maximum  and  for  expanalon  of  (ho  honied 
hub  against  the  atmosphere. 

Tho  expansion  of  (ho  fireball  from  lt  to  time  of  maximum  expansion,  tm, 
in  roproHontwri  by  (ho  ratio 

Rm/Ra »  1,24  (.1,02) 

“  ..  *f  .  ...  .. 

This  ratio  iu  tho  value  obtained  from  tho  data  for  the  ao-KT  yield  In  ENW  and 
replaces  tho  value  derived  from  the  P/fy  function. 

The  radiant  energy  from  Eq,  3, BA  in  terms  of  ftil*,  is  given  by 

••  "n~  ~  ~  ■  \ 

qT(a)  »  2.52Ptt,  :(«,W0 

in  which  '  .■•••  "  _  .  ~!:r==fi 


i  %(a)  ■  0,40P|.t*-  _  (5.84) 

-  1.0q,*»(a)  *  M«P«t,  (3.011) 

•  -  !«,.•(«)  ■  rt.44P3ia  —  V  J- -----  (3,08) 

The  P,t|  multiplier  for  q,(a)  was  reduced  from  0,57  to  0,40  ao  as  to  retain 
about  tho  same  ratio  between  q,(a)/q.(<i)  as  that  given  In  BMW.  Thu  value  Of 
l,0q*,8(l/tj  *  i  to  IV)  wu  InorsMcd  fcy  a  footer  of  1,2  duo  to  the  change  to  the 
R»/R*  wtle  given  in  Eq,  i,w,  The  remainder  of  the  8, 5s  la  Hie  multiplier  for 
I0q,,%  ainoe  the  temperature  decrease  after  about  101^  (•  jwbsbly  better 
described  by  Bq.  8, IS  Dun  Bq.  8.12,  the  larger  multiplier  for  10q«*  (a)  can  only 
bo  oljtained  by  acemwiing  for  an  lnerans#  in  the  fireball  radiua  with  l/t,  after 
104,,  A  suitable  function  for  such  a  variation  of  the  fireball  radius  with  t/t,, 
whan  ieleeted  for  oonvenlanoe  of  Integration  aa  well  as  for  expressing  an 
appropriate  acceleration  of  volume  expansion,  I*  ;  j 

K  ■  0  71  Rm  s0,  ,  10  ft  t/t,  <  45  (11.07) 

when  the  constants  are  evsIuBted.  ^  iuntition  of  thta  ferm  must  be  roitriotoa - 

m  an  oatimnto  of  the  fireball  radiua  for  t/t,  vnluea  leaa  than  45,  In  thla  time 
period,  T  will  decrease  to  the  order  of  Q,IT|  nnd  the  Increase  In  R  Is  about 
a  factor  of  3,5, 


ill 


The*  increiiHo  III  thi«  mi  'll  I)  cloud  rmllHH  III  i 'HhimiI  liltt.v  lull  enimiiHlnn  ill  (I  In 
h  mlmiti'H  In  between  MOOO  In  t  (1,00(1  Hihon  I  In,.  In  the  model  nli*  Imt'H,  the  lire 
hull  nulliiH  inereiiNeM  Crum  II,.  nl  i;(  In  ltm  ill  Mt» ,  re  ton  inn  eortNlunl  front 
1 ,4 ly  to  1  (My  IIIMI Hum  Ih'HIiin  In  Ilici'ciMo  (mil III  Mi  liil'hi  the  liil'ft'e  eloilll  lilimil  the 
lime  the  iiuiniHloneenee  iliHiiinH'in’M. 

The  l’eiiitlun  nnintiK  Tn  i  Ih'  •  H*  •hhI  W,  union  0,50  W  for  f| >|«  (n),  Ih 
-  -  J/lVli/ln.  ;  I  «17kI01’"VV  • 


In  which 

.  T.j  r  10 '  W"°  oafl  ’K 

.  •;  •'  I.,  -n.filOW0'415  see  ■  (3.100)' 

rind  :  •  ~  ‘  " 

...  |t»  -  1,  04k1Q!,  \V.°'  gni  (8.101) 

in  ohint nlng  thp  nbove  functions,  the  first  Assumption  in  that  the  no  poreem 
of  the  energy  lost  by  rndlrtiloii  li*  imlci^rnelant  of  yield,  The  enrollnry  assump¬ 
tion.  is  tfistiho  fireljflll  volume  Is. proportional  to  the  yield, -nr  thnt  simple  |gno» 
metric  scaling  applies,  The  remaining  residual  difference  in  the  exponent  or.  W , 

namely  0. KIT .  Wna  distributed  in  eminl  nsrtn  to  I-  and  Tn1  (ualnsthe  KNW" _ 

doptendeiiw  of  t«  a*  lioijig  preportlpnnl  to  W®**  to  atari  with)  and  that,  for  %  nnd 
f|T(ti)  tti  ho  dlreetly  proporllntinl  to  the  yield,  Tu  should  be  nlmosij ndopnndtml 
of  yield,  s.  ..  ^  .  .. 

'fhe  poeffiolent  for  Tu  wn*  tnkon  fwm  n  liiRnrithmie  extrnpolsiinn  of  the 
teimpernliire  curve  in  HNW  for  the  20-KT  yield  nlon«  n  line  with  the  slope,  »(M, 
and  using  (lie  lempernlures  from  the  curve  between  the  t/ta  value*  af  a  and:  8r 
The  eoeffiojeni  tat tu  wn*:ti|jtnloerLby hdjUBtlnjjJie  valiiei  of  t«;_frptri  lihr  F.NW 
popup  to  five  the  an  me  porcenlngo  difference  nt  yields  of  80«KT  nnd  1  -MT,  In 
doing  this,  t»  for  ao-KT  la  Inerensod  from  o,M  to  0,17  second  nnd  for  1  -MT  It 
Is  decreased  from  1,0  to  ft,«0  aoeonrt,  The  eoefflcdont  of  H#  won  finally  derived 
from  h!r|,  ft, OS,  ,r  .  • 

Tin>  corresponding  values  of  the  flvoltnll  parameter*  of  Interest  nrci 

T  lO^W’^'^d/iu)’0, M<  ,  i„  r  if  Idi,,  (11,108) 

T  l.0<tHl()"W<1,  H'V'0'  ,f5H  "K  ,  T„  *  I.  *  lOty  (.1,1011) 


l.li! 


(8 ,  1  04 ) 


T  »  5.  95x.]0*W“0' 020  exp<»0,  OJ9»t/l|)  "K  ,  1  *  10la 

*  S^SulO^W’0,0*0  «*tp(.Ol79,lW’C,,41,t,»K,t  s  1D1((  (8,3015) 

t*  *  O.G70W0,  411  eeo.  (8.306) 

am  »  6.2!J*10«^V0,1,,  cm  ,  tB«  t  K  Ifltg  (3,107) 

and 

R  ■  4. 41x10*  W0, 1U  *Kp(0.  7‘0W*S'  41  “lira  ,  10t,  5  t  <  4»t*  (8.108) 

Tht  adjustments,  in  general ,  revolt  in  a  displacement  or  shifting  of  toe 
parameter  value*  between  10  and  88  percent  from  toes*  given  in  KNW,  except 
"ter  the  fireball  radius,  for  example,  the  adjusted  values  of  to*  radius  %  .ire.. 
10  percent  low  it  3.-KT  sad  *4  parcest  lass  at  1  -I IT  than  those  given  (by  the  - 
EifW  functions.  This  decrease  in  toe  radius  from  (but  of  ENW  la  in  agreement 
with  the  observations  of  other  authors.  lapple4,  for  example,  write*  tout  toa 
true  fireball  radius  may  actually  Was  small  »■  half  of -to  giv^i  la  ENW, 


The  fireball  parameter  sealing  function*  for' me  inodei  eurtao*  dwonitiei; 
are  derived  on  to*  basis  of  aeeumed  dtffsrenoes  or  vimllarmei  with  the  fire¬ 
ball  from  th*  mode)  air  buret.  to  tola  mode),  to*  toll -air  interface  la  intro¬ 
duced.  •  '  ■■ 


'  ,  The  main  MsujnpliQns  used  in  th*  derivation  of  the  parameter  aoaltag  ■ 

functions  arei  !; 

I ,  r  in  the  model  aurbtee  bunt.,  half  toe  energy  J«  toe  fireball  at  toe 
second  maximum  is  uaed  to  heat,  dissociate,  and  expand  toe  §&i 
-  molecule*  from  to*  air  and  half  the  energy  la  uaed  to  vapor  too, 

■  -  dieaeaiate,  and  'expand  toe  gaeecma  product*  from  .toe  Mil) 

B.  Th*  vapor  density  of  toe  fireball  at  to*  time  of  toe  second  tempera- 
....  __  ture  maximum  is  toe  aame  for  boto  air  and  surface  types  of  bursts! 

8 ,  The  blast  and  shock  wave  carry  away  as  percent  of  toe  released 
energy  (ae  for  toe  air  burst),  and  18  percent  of  the  fission  yield 
goes  into  nuclear  radiation  t 
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Hi,  Thu  iitti<bn3i  volume  si  Ihi#  second  maximum  lor  (foe  surlnce  Iwrsl  la 
the  same  m  that  of  the  sir  thirst  except  that  tt  has  a  hemispherical 

rather  than  spherical  shape. 

Taking  toe  last  assumption  first, 

R,{»j/R,(sj  *  »  i,J6  .  <*.l«9) 

where  Hi  («)  la  libs  fireball  radius  for  the  surface  burst  and  Ha  (a)  is  tost  for  the 
sir  aural,  The  ratio  of  the  merg  las  radiated  Into  the  air  epsoe  around  Uie  two 
fireballs  at  the  time  of  She  second  maximum  If 


■<5 tfsl/q , is)  *  u-  Hi  T,(*ij4 


(3,140) 


whets  qt  <•)  la  the  radiated  energy  and  T«  (a)  is  the  temperature  at  the  second 
mud  mum  tor  the  surtaoe  burst,  and  <Ji  la)  and  Tp  (a)  * w  tor  the  air  burst  Hut 
since  much  of  the  energy  Ls  tost  before  the  second  maximum  escape  am)  at  much 
higher  tsmperatorra,  before  the  blast  ware  breaks  away,  (he  amount  bat  by  '  "i; 
station  up  to  tots  time  should  be  incensiHve  to  the  ratio  of  the  two  values  ef 
T| ,  Therefore,  the  fraction  of  energy  radiated  Into  toe  air  space  l*  taken  to  be 
|.tsl  pemst,  or  <  percent,  ....  —  _ 

i  The  total  surface  area  of  the  eurtoae  buret  fireball  under  the  equal  volume 
ifiMumpUMi  ta  1.19  tt  mp  toes  of  toe  air  buret,  to  that  the  amount  radiated 
iraugh  all  aurtooM!  would  he  nearly  10  perarat  of  the  total  energy  wilh  4  percent 
«f  tots  asswaat  being  rsd  tilted  jjte  ftrgrftuftd  eurtacc,  However,  since  it*  whale 
tomtom  of  tjie  fireball  ts  in  direst  thermal  oontoot  with  toe  ground,  some  addi- 
iilMUd  sotrgy  would  be  abeotood  by  toe  latter.  Au  additional  0  peroral  la  there¬ 
fore  assumed,  to  bs  lost,  or  not  cotualnod  within  toe  gaseous  phase  ef  toe  flraball 
•'  at  the  second  With  time*  wsramptlmw,  to?  model  surfs**  burst  ftre- 

|  ball  contain*  41  perarat  of  toe  released  energy  at  to«  time  of  the  second  tem- 

i  pontura  maximum.  . 

I  -i  \  ■■  t 

The  aaeumpttoo  of  equal  vapor  denudes  and  fireball  volumes  lead*  to 
the  equality  si  to*  number  of  §m  molecules  boated  to  toe  respective  value*  of 
Tpi  per  unit  of  yield,  since  toe  fireball  volume  sealing  ftinetlcn  la  proportional 
to  too  yield.  The  combiaatlon  of  til  toe  aseumpttone  permits  the  estimation  of 

T» (e)  for  toe  lurfaee burst,  ~ 'v-  r-  ^  '  •  • ;  ’ 


The  first  law  of  toernwdwtemlc*  tor  the  utilisation  of  49  perarat  of  toe 
released  energy  la  heaflfti  air  iris  ideal  fax,  in  toe  mode!  sir  burst,  le 

Q,  -  n,<ET-Em»  +  pf,<V,-Vj  '  (84111 
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In  whieh  n,t  In  (ho  initnlwr  of  moles  of  nlr  liiiiitiil  In  T,  fa),  l‘,<y  i'<2 oh  ,h  |h,‘ 

ehnngc*  In  oncrijy,  Ini'kallna  dl.ssoolnllnn,  nl  llu*  nil*  moloouloH  In  oiil/nmlo  **l 
nlr,  |i„  In  tho  oxlornnl  pressure  (I  atmos.),  V,  In  tlio  volume  o(  lhi<  flroltnfl  ni 
second  maximum,  V„  Is  the  orlKtniil  volume  of  (lie  nlr  molecules,  nrol  t)*  In 
8.44x1ft11  Wcnls  (for  W  In  KT|k  For  «  sphorloal  flrelwill,  V(  from  ICq,  11,111  In 


Vfi  »  4.  Jfcxlft"  Worn*  v  (11,113) 


With  tho  Idonl-gas  law,  p„Vfl  la  replaced  by  n(1RT„  nr  8(8  n„  cull*.  Also,  p„Vj, 
is  equal  In  1,3x10“’  Weals,  Roplnolng  Ihe  appropriate  oqiinlltlo*  In  Rq.  3.111 
result*  In 

W  :  -  ■  • .  .  ..  ‘ 


8.31x10" 

n./W  »  -> — .  moles  »lr/KT  (3.113) 


Assuming  the  portent  gss  law  to  estimate  tho  number  of  molna  of  gas  In 
(bo  fireball  results  In 

n^/  W  «  6.  §Jx|0*  W0,  ^a  mnles/KT  ^  (fl,H4) 

when  Bps,  3.00  and  IMW  nro  substituted  for  T,  and  V. ,  respectively)  pn  Is 
tho  loinl  Internal  pressure  at  l«.  Combinntlnn  of  Kqa,  3.113  and  8.114  give* 

... ..  <i  • ;  •  ■ .  ..  ••  v-v  ■ 

nT/i.tI.*3itirf*  •  W^°?Pa(»T-**W»W>.  (3il  18) 

"  I  /  J  ■ 

In  which  tho  compatible  values  of Wn„ ,  p  ,,  nml  (K-y-Kaos  -  AM)  nro  obtained 
from  the  thermal  riain  on  nlr  at  n  (Ivan  temperature  and  onn  Ini  determined  by 
ealoulaling  p„  of  Bq,  8, lift  kod'lherf  platting  the  anleulnlod  values  an  a  tenet  lor. 
of  pi  (he  equation  in  satisfied  altho  point  where  p  "p*i  A  single  value  of  p 
result*  Inr  enoh  selected  value  ef  W.  The  aaltlUons  of  Rq.  8.118  ter  different 
values  of  W  are  shown  In  Tsblo  8.4  along  with  Iht  corresponding  values  of 
Sf/W. 


In  order  la  make  u  similar  oompulntinn  ter  the  model  surface  hurst,  the 
thermal  properties  of  m  ’Ideal”  sell  must  lie  specified,  For  tlda,  the  Ihormul 
~  properties  of  tha  mineral  alblte  or  nnorthoolaae  (N0|O*AI,O,.8eiOa),  with  n 

—  selected  me!  .ting  point  ef  1400‘C,  are  assumed,  fine  mole  oft  he  «oll ,  upon 

;j  oomplete  dissociation,  produces  an  moles  or  gns  nlomsi  Iho  moleeulnr  wolgbl  of 
the  compound  Is  834  nml  Its  boat  of  termnllnn  nt  2fis’,K  Is  1,80(1  kOhl/moic. 
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Tallin  5,4 


HUMMAHY  OF  VAMIWHOW  ly/VV  AND  p«  WOH  Till'!  MODI'!!,  All!  HUHNT 


W(KT) 

T.  f  K) 

Ps  (lUmos) 

0,,,/W  (molm/KT) 

1 

10,000 

5,00 

IPROxfO" 

10 

Mw 

5,55 

-I.OOaIO" 

10* 

0,130 

5,70 

■4.14x10" 

III'' 

5,7 10 

5,70 

4,33x10" 

10" 

5,530 

5,50 

“  ^l  .oox  lo"  «  - 

10* 

7,040 

0,11 

.  5.0iXlll" 

•»  »  -o .  -«.1U  »  ,  1 

The  ilnjn  nf  K,K,  Kelly*  and  BHiill  nt«l  Slnko"  worn  unpd  to  pnleulnfo  iho  unn’ifty 
ohnnBtm  of  tho  following  ronotlonii  at  as)H*Ki  .  „ 


Nfl|0*AI|Oj«  (IMiO,(o)  «8Nn(o)  +  3AI(o)  +  OEH(u)  +  («),  API  -  1,70«,000  eill/mnlti 


3Nn(o)  ■  8N(l  (d)  A  K  '  fio.liaojuil/nuilo 

MIJoV  ^UAI  tal _ .  AW »  tinl/moln 

(i»l(Pt  ■  osite)  .  oaiMoo  iml/molo 

"<UfO  •  1110(b)  __  SR «  1)4", OHO  enl/molo 

Nii„O  AI,Ofl  flfiir\(ti)  .  aNn(s)  +  8A1«)  ..+  flllfw)  I'UIO(R)  All  -  11,577, ,000  iml/molo 

*  157,700  onl/mnio 

of  bus  otomN 


Wharu  appropriate,  I  he  hoiii  content  rial  a  worn  oorrotilofl  In  AW  hy  miiIiI  root  Inn 
nf  iho  qtiimllty  AnRT,  An  Iw  I  or  (ho  chiinno  Inllio  number  of  mnlon  for  Iho 
pnumiH  MpofloHr  Th«  vnluos  nf  Wfp-Wjjpg  for  iho  klonl  mill,  rind  wwu)  rtf  iih 
iloonmooHltlon  ppoduom  nt  higher  tomniyrntiiroH.  nrtytlvotv  In- Table  11,5.  The 
values  for  iho  anil  onmpoalUon  iiuaumu  complete  dlnnoolnllnn  of  oil  Iho  oxldif 
prnchiola  nnd  nflho  nxvurn  motomilo. 
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Thu  firm  I mw  of  Ihormodynnmlort  fur  the  convornlnn  of  18  [inmoil  of  Iho 
i’oIohmoiI  nnergy,  for  the  model  mii'faco  tnirwl -nl  I  ho  Hoennd  lompornltm1 
maximum,  In 

<i.AAttlO>l'w  »  notAl.-f)*)  +  niAK.  +  \ ,  Mull)10  W  (11.1  HI) 

|n  which  An,  unci  ai%  tiro  l, ho  rvp-llatjfl  values,  liududlng  <tl«Hnaiiitlnn,  for  1h« 
iiir  iimi  noli,  respuatlvolyi  nH  In  Iho  number  of  huh  atoms  from  tho  soft,  and 
!  ,!inxlOw  W  in  the  p„  V,  farm  ns  More.  According  to  fhu  definition  of  the  Idea! 
surface  hurni.  Iho  oquul  portions  of  the  energy  for  hunting  soil  and  nlr  fhnl 
roynaln  nflur  Mufilrnallon  of  pnMi  tvro 


g.aAtelO*1  W  «  hfl(AK».Si)Z)  '  (II.  117) 

Am)  - 

2.26fixlflu  W  ■  n,  AEH  (11.11  R) 

Ifnpfl  the  oxygen  molecules  nro  oisonttitlly  nil  tHssooitttcd  nl  tho  tempera¬ 
tures  of  Inlorent,  n»  nnd  AIT,,  arm  he  determined  for  given  tnmp.irn.turo*,  us  they 
wore  In  tho  oa«»  of  tho  nlr  hunt,  by  estimating  nH  (g) ,  the  number  of  moles  of 
gas  from  tho  nlr,  on  nsnumptlon  of  the- perfect  gun  Ihw.  In  this  onset 

rt,  B  ^  "  6,  83x10"  Wp,/TB(s)  (H.IIH) 


where  p„  In  tho  sum  of  lh«  partial  pressure)*  of  Nu(g),  N(g),  f\,  (g),  and  0(g)  from 
tbs  original  itir,  nnd  1V<«)  1*  tho  temperature  at  tho  noonnd  maximum, 

Combining  Kqa.  A, 1.17  and  H,  1 10  gives 

,,  »,/%  *  a. fjgxio-8  pl(«5,»s«w)/T#(#>  <n.iao) 

Tho  values  of  n/W,  given  by  . 

n/W  -  Hh /W  +  n»/W  "'a'  (11,181) 

were  determined  at  several  ns  mi  mod  valium  of  Tu<a),  Tho  values  of  T«  (»)  for 
difforontvaUiu*  of  W  were  then  datar  mined,  from  a  smoothed  plot  of  n/W  vs 
Tn  (h)i  by  rending  off  T«  (a)  at  the  aprrmpnnding  n^/W  values  for  tho  nlr  bunt 
for  wnolv  yield,  The  result!  of  those  auleulutlon*  n ref  summarised  in  Table  IUI, 


Tntiin  :i.n 


IA  I.  DATA  KUII  IDMAI.  Will.  (!< iNNTITPI'IN'iN  OK 
.HiMPOHITItlN  Nil )*A1  „* »»,  «<IHI<  i„,  cnl/mold 


A  1(H) 

WP«II'«W»W  +*J»i  rvm~ 

hi<r) 

Will 

Oom 

Hull  . 

Cl«jm|Ms«ll.p<' 

Will  («) 

;  0 

(1 

.  0 

■ '  ■'?  .  0 

,  0 
22,74.1) 
62,440 

1 IW  A  A  (\ 

a, 720 

•  a, 770 

'  v.  “ 

4  Uf  i  M *1  \) 

1 22,040 

I  II  H  i  120 

ii.aao 

0,(100 

1011,720 

100,440 

a.  ilia 

4,000 

■ .. 

180.240 

j  ;  - 

s  ..  '  — 

201, OHO 

4,510 

B3 

.  ‘  ... 

0. 1  it)  ‘ 

li.UHh 

8,100 

MOO 

>,  " 

Hi  0110 

12,100 

"  ..  1.. 

H.lftO 

r»,7oo 

.14,77(1 

ma.BOO 

17,400 

10,220 

18,1100 

1110,100 

a  iiiiao 

22,780 

22,420 

100,500 

- 

ao,iuo 

27,040 

104,700 

ua.iiiiy .. 

30,810“ 

"  nii-.iiao'1 

170,106.“  . 

4  i.Tocr 

(in,  ono 11 

170,40(11 11 

4— 

-- . . 1 - — - 

tiNti'iilioliJlIon  of  hon I.  uniinulty  cjnln 

iiimm  linMil,  Him  ul  iiHNuK 

im«!  i'inwn.  -NnjjtiVAIaOatNMiM  (u)  at  MUH-K 


Tnhlo  II. (I 


NUMMARY  nr  CAIAHIUATIONN  FOH  T|,(N)  HAHI^n  ON  Till1!  ASSUMPTION  OF 
HQUAT.  VAPfmnFNSlTIRI  AT  THE  SICOONI)  TEMPERATURE  MAXIMUM 

for  thu  Monur,  Ain  and  surface-burst  rmwnAiiui 


Ta(s) 

i*K) 

P, 

(attritii!) 

n*/W 

(10umoles/KT) 

n,/W 

(loflmnle«/KTl 

n/W 

(10!  molea/KT) 

W 

(KT) 

8000 

3,04  | 

3,00 

1,408 

5,31 

=- 

0300 

3,35 

3.40 

1,441 

4,9,1 

-- 

0000 

0,14 

•8,11 

1,430 

4,54 

0900 

9,90 

9,74 

1,410 

4,10 

i  --  " 

7900 

9.87 

•.  2,49 

1,407 

3,38 

7140 

1  9.78 

-  9.43 

1,41 

3,39 

1 

7030 

9.31 

9,53 

1 .43 

'  4,00 

TO 

8910 

2,39 

9,79 

1.42 

•  4.14 

10* 

0770 

3,00 

—  8,30 

1,43 

4,39 

10* 

6380 

3,17 

3,17 

-  :  1,43 

4.60  .  , 

16* 

6980“ 

8,40 

:8,B3 

1,44 

5,09 

10* 

Thi  derived  T.  (i)  values  are  reflressntsri  quit*  wall  from  10"  to  10*  -KT 
by  the  soiling  function  - 

•  T,(s)  a  7200  W*O,0l°  *K  t  \  '/  (0,182) 

•  ”  -  ; •  '■<  ,  •  '"/■  ..  ■ 

for  W  In  KT,  It  ihoulrf  bo  noted  thut  thti  equation  li  used  In  siUmming  T„(s)  In 
alt  following  computations  rather  than  the  value*  given  In  TaMe  3.6|  thin  in  done 
to  maintain  consistency  among  th«  various  par&mstsrs  dsrived  from  usn  of  the 
Ti(a)  valua.  The  model  surface  "burst  fireball  conditions,  ualirg  the  smoothofl 
va1us»  of  T|(»),  ars  summarised  in  table  8,7,  The  parameter  values  nrc 
tubulated  with  morn  significant  numbers  than  are  warranted  by  the  assumptions 
meruly  to  aid  In  interpolation  to  other  values  of  W,  Interpolations  to  other 
yield!)  can  be  made  by  plotting  the  parameters  against  t|(s),  which  Is  related  to 
w  by  Eq,  3,198  as  is  shown  In  Figure  3,3,  The  values  of  AES  and  Al,*ft98  can 
be  then  oalaulaiod  by  use  of  Eqs,  3,113  and  3,117,  It  should  bo  montinruid  that 
the  recrtlmtlnteri  values  nf  n/W  dp  not  milts  onnfQrm  to  the  assumption  of  equal 
vapor  densities  In  Ihe  model  air  and  Surface  hursta  at  all  yields,  , 
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NUMMAIIY  OK  KIHKHAU,  (H)NDITJONH  AT  Til  I1-  HKCONI)  TKMPKHATUI1K  MAXIMUM 
ION  Till-!  MODI1!  1 1  HI  HI  PACK  !H*NHT  OK  DIK  KKHKNT  YIK1.UH 
UHINO  Rtf,  H/188  KON  T»  (») 


,  tjuanti'ly 

i; 

. f 

f  ,1 

W(KT) 

1 

10" 

10" 

10" 

10" 

Ta  (i),-*K 

7, 80p 

i 

7,04(11 

0,880 

0,780 

0,570 

0,480 

p,  i  atmo* 

8,007 

3,781 

8,1)08 

3.087 

3,158 

3,804 

pj,  stmos 

4,818 

4,,'lOi 

4,300 

4,470 

4,383 

4,(103 

n*/n. 

1,588 

1,470 

1.488 

1,381 

1,347 

1.380 

n,/W,  108  moles/KT  j 

1,407 

1,414 

17480 ' 

1  '4,488' 

1,431 

1,430 

n,/W,  10*  mola*/KT 

8.480 

8.57P 

8.708 

,8,051 

,  3,140 

3,310 

n/w,  10*  moics/KT 

fl,88T 

• 

(1,980 

4.188 

4,370 

4,571 

4,755 

-in*.  »•-*•*■ 

A  in,  ,  cal  /male  gas  atom* 

10 1,0*0 

150,880 

150,010 

158,000 

158,380 

157,700 

( A  K„  -5P8)  oal/molo  air 

140,100 

180,030 

1 10,000 

100,050 

07,800 

90,110 

The  ■••umptlont  that  given  fruition*  of  the  rolon#uil  energy  are  contnlnod 
in  thafimbajj  .carried  sway  bv  the  blunt  wove,  and  foil  lay  ihermal  TmJintlon,  jml 
the  corollary  nNsumptlon  that  th*  time  deinmtlenoo  of  fhci  viijpimi*  pstritmoteri  cum 
bo  given  In  form*  of  the  time  rotative  tc  In,  ns  wa*  'dona  for  ihw  modal  air  Inirntt 
land*  to  tli*  mnthnmnUohi  rBiiuiremohtihniti  for  the  modal  mrfnce  burnt,  l#  muni 
vary  im  W,°‘ 8,8  By  «d Justing  the  ta  v«Hh>* (further  modal  nir  burnt  to  glvu  thn 
an  me  imreentagtr  deviation  nt  80-Ktf  iwl  1-MT,  the  modal  surface  buret  pan  ling 
function  for  ta  that  re»ult*  I*  ' 

_  •  ^  _  t„  .  0,61  ;>  .  r  ■  (3,1831  • 

Thioivop  0,111  acaomlM  for  80-KT  and  o.ho  sacomli  for  tho  4  »Mt  yield,  The  low¬ 
er  value*  of  Tb  (*)  and  t*  (higher  yield*)  for  the  surface  burnt  would  indicate  Unit 
the  nurface  burnt  fireball  either  cool*  more  rnpldly  thn  it  tho  nlr  burnt  flrolwlLnl 
the  very  rnrly  |lwu*s  nr  thnl  It  never  wn*  it*  hot)  or  both, 

At  L  the  .model  iurfnci’-burat  flxcbalUaJn  the  phnpe  of  *  hemfaphero  oen- 
temlnt  tito  point  of  detonation;  in  tho  model  it  romuins  in  this, position  nnd  nhniu* 
until  it  rcnt'lic*  lull  expansion  nt  tm,  After  l„,  II  begins  to  ri*o  and  In  doing  *t> 
tnko*  on  tho  shnpu  of  a  sphere  n*  II  sopit  rules  front  the  nnrlh1  s  surfneo  nt  t„. 
During  till*  lliTuviho  volume  remnln*  minstnut;  a*  In  Iho  ease  of  tho  nlr  burst, 
tho  fireball  volume  I*  nsMumod  to  rantnln  essentially  eonstant  front 


Ml 


t  1.41.  In  I  1 01.  Mliton  Uin  Hiimn  lli'nlmll  volittlioH  lire  IIHHII m«il  fnr 
Imlh  typoH  of  Iiui'hIh,  llin  Hiimn  lypn  of  i<<|ttiiUon  for  I  ho  liinmum*  In  rmlliiH  nl'lnr 
1  Of.  H  In  iihhI,  Tim  In  I  lintL  )iu  rflo  Inn  mil, nr  the  llrnlmll  Hiimn  Hum  nl'lnr  l,u  Mini, 
prnmininhly  to  n  turner  dcRrer,  nvnn  nl'lnr  1  ()(„. 

From  fho  iiHuumptlnn  of  nqnnl  fl  rohnl  I  volumei*,  llm  flrnhnll  riHlIim  for  I  ho 
mortal  nurture  htirnf.  In 

ll„  *  fi,  1,9x10 11  W°'  11 4  cm  (0.124) 

ltm  *  7,  8HxiOflW0,  1,1  nm  (.1,111(11 

n  nil 

If,  *  6,  48x10“  w0,  313  cm  (1,180) 

In  order  In  null  mat  n  the  01101'Ry  mcllftf  C*rl  lo  lilt'  Hi  fflOBjiHoVO  between  (m 
nntl  I  „  the  value  of  Hlt  (hr  effective  riullim  for  the*  mirfnoo  of  llm  flrohnll 
oxponcd  lo  llio  ntmonphol'o,  In  nmmmwl  to  vnry  ns  (t/l^f’,  whore  m  Ih  n  onhHlmil 
thnt  Ih  tmtaponrlont  of  yield,  ho  thnt  llm  form  of  llm  liitoRrid  of  Pill  during;  ih  I  h 

period  Ih  Urn  same  ns  for  tlm  period  between  I ,  nnd  Hit*,  (Tim  vnluo  of  m  onu 

Im  rvnluntod  from  the  height  of  tho  olourl  for  n  l-MT  yield  nil  given  In  MNW, 
p,  an,) 

Tim  curve  (inn  lm  roproiientttl,  with  n  fill r  degree  of  proofelnn,  hy 

h, >  d.24xi(>4tH,?r"1  cm  ,  t  <•  tm  to  60  hoc  (.1.127) 

nnd  ,1  •  „ 

IH  -  6,  46*10* l0,  600  cm  jj  t  -  fid  to  390  hoc  (11,128) 

For  tho  mdctal  mirfnou-lHit’xt  firobnll,  ht  la  oqnnl  to  »n„  nt  l., 

For  tho  l*MT  yield,  ait,  to  l.aixio1’  onu  I,  Ih  limn  4, HU  nopwuIh,  Hinge 
tjj  for  thin  yi old  In  0.80  Mticontl,  t«/l|  I*  ('*80,  lining  tho  viiHioh  of  0,70  nnd 
Hi  nMm  '"'il  l,,  rexpitatlvcly,  llm  vnrlntlon  of  It, ,  tlm  effective  "Hplmrlonl" 
rntlluH,  with  l./t a.  during  I, n  to  t»  Ih 


H„  .1,42xlO!'W0,  333(l/tn  0R| 


t/tu  (t  1*4  I"  9.  H  ,(11,120) 
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nn  , 


Till'  I'HlIltlllll'H  III'  t,„  llllll  l„  Ill'll  glVOII  hy 


tm  o,  ohiw0,  w  1  hit  (ii. mm 

l,  •'  0,  IMw"1  ’7'  HIT  (ft.llUI 

Tho  fireball  pikIIiih  from  t/t|»  *  H,h  In  |./iu  •  1 0  Ih  assumed  to  hr  the  nit  mo  ns 
Hm  for  th«>  model  nlr  burnt  wlilnli  Ih  It.anK I <mi  |IM  ^Ivtm  by  M(|.  11,18(1 
for  It., 

Tho  vnrlhllon  or  live  tompornturo  with  t/f»  for  tho  model  aurftioo  Ini  rut  Ih 
assumed  to  follow  the  snnie  pattern  of  dooronso  with  time  ns  In  the  nlr  burst. 
That  In,  It  vnrles  ns  (t/ty )“"  up  to  t/l.,  •>  10  niul  thoronftor  viuMos  ns  exp 
(«k(t/W)  whom  n  mid  It  nro  yield-independent  pnrnmnlorn,  Hinoo  T'h(s)  Ih  niuell 
lower  limn  Tt,  (n),  It  would  nppenr  thnt  tho  lompornturo  should  Im  deeronslng  nt 
n  nomowhnt  slower  rnto,  nt  thin  time,  for  tho  surfneo  burst.  Thnt  in,  tho 
constnnt  it  nhould  bn  loss  limn  0,4 . 

A  likely  vitluo  of  n  cum  ho  deter  ml  nod  from  ovnHmtlon  of  tho  Integrals  for 
the  rndlnnt  energy  lout  to  tho  mi  mounding  nlmospharo,  iis  v/its  done  for  tho  nlr 
burst,  Although  the  tot n I  nmountor  energy  rndlntod  to  tho  ntmosphoro  nhould  bo 
Iohs  tlinn  for  Uir  id  r  burst  (",0  portion!),  the  low  or  limit  would  oortninly  bo  nbmit 
80  percent,  with  nn  upper  limit  of  nrotuul  40  percent,  Allowing  tho  estlmnto  of 
(1  poraont  for  the  nrnount  of  energy  lost  up  to  T„  nnd  fjl.imxo.ni^tu  tor  s  peroont) 
from  ki  to  U  ns  In  the  cm  so  of  the  nlr  burst  (hut  oorroetad  for  f/rmnioiry  mid 
tompernturo),  nml  assuming  tho  snme  vnrintion  of  n  with  t/t#  niter  iiiiu  ns  for 
the  nlr  hurst  ottso  (ns  n  first  npproxlmntlon),  tho  iniogrnls  give  85  puraont 
of  the  untlrgy  riullntotl  to  iho  ntmosphoro  for  n  «  O.nn  nnd  nbout  40  poraont 
lost  for  n  f  0,110,  (in  this  hosts,  n  wns  Inken  ns  l/H,  Tim  estlmnto  of  tho 
flronnil  temperature  for  the  surface  burst  then  Is 

T  •>  7,2xl0"W'n,nl0(t/tB)',/B  *K,  t/t«  -  I  to  10  (11,11)8) 

T  «  8.8»xl0"W0,  ,Ht  ,/ik  "K  ,  t  »  't«  to  |0tw  (0,15(1) 

T  ■  4,6fiKlO!'W"0,010  r,xp(^0,  tm‘t/t1|)  ”K,  t/ta  «  10  to  50  (0,1(14) 

T  * >  4,  fi6xlO"W"(;l,0|n  eKp(-054f»W"0,  VI\)”Kt  t  -  |0lHtn  irit,  (0,105) 

Uoimuso  Uuj  nui in  ooimorn  Is  with  the  Hiirfiioo  hurst.  It  Is  doslrnhle  to  linvo 
n  hotter  estlmnto  of  the  flrdbnll  radius  mid  volume  niter  t/tj  »  10  tlinn  wns 
obtained  for  tho  nlr-lnirsl  flrobnll,  To  do  this,  the  work  done  In  the  expansion 
of  the  flrobnll  ngnlnst  tho  ntmosphoro  nnd  In  the  honllng  of  Inflowing  nlr,  ns  woll 
us  thormnl  nidlntlon  Iohhoh,  nrc  .taken  Into  nromint  In  osllnmllng  the  rule  of 
expnnslon  of  the  flrobnll  lifter  its  Initial  rapid  oxpniiHlon  to  V,n  or  V, ,  To  n  first 


ii|i|irnxli1ilil.|oii,  In  tlli'Hi'  I'Htlmilli'H,  I, lie  pri'Mi'iini'  of  Ihn  Mol  I  nooil  Iinl.  Ill'  Inkon 
lulu  niu'iinnl  II'  l,lw  end  point  of  the  eiiloiiliillon  for  tho  energy  IihIiiiu'h  I'nr  the 
t>M|in iih Ion  In  i.iiKnn  nl  n  mil'flclmilly  low  l.oniperul,m,e,  In  II h  nnlld  form,  l.lie  no 1 1 
woo I'l  not  eonlrlhiile  In  tlm  volmiic,  Mini,  lieomiHn  nl'  the  high  reliillve  iilnimliincn 
nl'  nl*-  mnlnniili'H,  I, lie  prnpnrLImt  nl'  llin  i'l  rolm  1 1  energy  Hull  In  fihnot'liorl  by  I  ho 
mill  Hhmilil  he  Hiniill. 

l''H’Ht1  |.ho  energy  rndlnlod  In  the  ill i*  holwi'iui  l/l.u  •  I  iiitfl  l/ln  10  must 
1*0  HUbtrnolod  from  Iho  4,011x10"  W  on Ih  In  I, lie  fi rolm II  ni  l.H.  The  energy  riolliitoil 


tn  tho  nlr  up  to  tAii  "■  )0  In  HummurlriCil  by 

q1 

fi.fifixin10  w  mis  (0.(1%) 

(11,11.1(1) 

Iq’1'1 

-■  4.44x10"’  W  eats  (4,0%) 

(11,1117) 

!,4qM 

•  0.92x10"’  W  cSls  (H. 9'HiV 

(ft ,  1118) 

%  Hqln 

r  UKi"’  W  cals  (2,H%) 

(II,  HID) 

Tho  energy  remaining'  nftor  subtracting  tho  Inst  throe1  above  quantities, 

1*  H,7i)x1,ouW  enlsi  It  In  available  for  the  processes  mentioned  ■  above.,  The 
nuithomnllcal  form  of  tho  increase  of  tho  flrobnll  rndlun  nftor  t/t  H  «  10  Is 
nsBumod,  ns  In  the  onso  of  the  nir  burst,  to  bo 

.  R  •• 

R»  ejtp  «{<■/!«  - 1  0) 

(11,140) 

In  which  tho  aonstnnt  In  ylold-lmicpinukinl, 

According  to  (ho  variation  of  tha  tompornture  with  l/t*  (from  ,  ll.tniil 
to  H.lllli)  iitompornturo  bctwuun  800  nnrl  000"K  In  ranched  lit  lAg »■  HO,  for  nil 
yield*  from  I  » to  llV’-KT,  Since  this  Is  about  the  Units  the  flrohnll  iih  such 
should  disnppettr,  it  was  neloctad  as  the  wild  point  for  evaluating  the  constunt  of 
Iq,  11,141  by  monni  of  nn  energy  bnlnnbo, 

The  work  of  expansion  ngnlnst  the  ntmosphoro  I* 
q(AV )  ■  P(VBtHij  .  V, )  il,4Hxl  01"  W  exp(  120a) .  I,  tfu 1 ()"'  W  |,m  (11.141) 

Tho  number  of  molos  of  gn*  molecules  praanut  nf,  the  owl  point  mm  bo 
ostliniitocl  by  u*u  of  the  porfoet-p*  law  plus  tho  UMHiimptloii  that  tho  Into  run  I 
prefigure  of  thopsns,  ut-t-^  liOt*,  la  tho  sHUiona-thi'  tin  tin  r  n  h  l-p  r  o  a  s  u  r  o  (1 
ntmosphoro),  The  number  of  moles  of  nlr  mnltumlim  p'winnnf,  nt  lm  rnngoH 
from  1,0x10"  W  (for  I  -KT)  to  a.lixio"  W  (for  lo’J-KT),  Tho  vnltio  a.lBxlo"  W  for 
10"”KT  In  iiHorl  iih  mi  nvorngo  vnlun  to  uMlimutc  the  numbor  of  molon  of  nlr  thnt 
hnvo  ontnrnil  tho  flrobnll  between  tv  nntl  5()tM, 


The  catimnio  of  (ho  nnnrgy  used  In  limiting  nddlUnnnl  nlr  to  N00"K,  with 
those  provisions,  Is 

AH',  *  An(H!HOO-lfl29a)  -  4.  74x!  0loW  Bxp(IZOs)  -  0,44x1  0BW  cuts  (3.140) 

In  which  An  in  the  lnurreeo  in  number  of  moles  of  air  between  t,8  and  BQt8  and 
Egoo  ■  KjjBdj  I*  8040  oni/rnole, 

The  radiant  energy  lost  ia  approximately 


lOqi*  «  1,  73x10-%  /  T4Rad(t/ta )  s  Lewis  (3,143) 

r°  (0,133.2a) 

Summing  thee*  energies  and  equating  to  2, 70xlOuW  oali  gives 

4,  13  -  >MP(UCii)  +  (9.144) 

The  aquation  1»  satisfied  for  a  "■  0,0104|  this  value  of  the  constant  ia  about  a 
third  of  that  obtained  for  the  air  burst  where  thermal  radiation  only  was 
considered. 

The  estimated  radiua  is  now  given  by  a 

R  ■  3,  6,9x10*  Wn*"M#xp(Q,  0104  t/t,)  om,t/t|  »  10  to  B0  (8.149) 


■  9.  69xlQs:W0,»ai,txp(0,  170W'0>a7st)  cm,  t  -  10t!  to  BOtj  (8.140) 

if  •  •  “  -  :  '  . . . 

The  radiant  energy  lost  ia 

10qj*  a  4.  6BxlOloW  eala  (4.  %%)  (8.147) 

Therefore  the  radiant  energy  lost  to  the  atmosphere  (surrounding  air)  is  Bft.fl 
psrosnt  of  the  total  released. 

The  thermal  power  functions  for  the  model  eurfaoe  buret  from  1 ,4tu  to 
about  ftotfl  are 

P  =  5,13xlO«>W1,  171  cala/soc,  t  -  l.Ttg  to  9.8ta  (B.14S) 

P  s  4, 33x1  0ln  V/ ' '  l  ^  t" * '  cals/sec,  I  ■  5,8tj  to  10t8  (3. 140) 

P  -  2,64x10"  W0,  627  onp(-l.  84W"0'  373t)caie/»ac,  t- 

149 


lOtgtoROtg  (3,190) 


In  thn  nvniuntton  nf  the  uonslnni,  n,  ll  would  ho  prol'ornhlo  In  InUigritlw  Ihe 
onurglns  l.o  the  time  nl,  which  the  gases  ronuh  ambient  temperature,  In  inch  u 
mint),  the  only  energy  lost  would  ho  In  the  work  of  expansion  mid  In  the  rurilnnt 
energy,  In  I, ho  ronl  ease,  the  nlmifl  would  hnvt*  format!  nl  higher  iiltlludoe  by 
this  time,  In  iiddltlon,  the  observed  value  for  the  Increase  In  flrabnll  volume 
would  bo  required  for  the  calculation,  Kvon  further,  the  additional  energy; 
released  by  the  cooling  of  the  original  gas  to  lower  temperature*  than  20BMC 
would  have  to  bo  considered,  as  well  r,r  the  decrease  In  the  external  preeeure 
to  below  1  atmosphere. 

The  Ilmen  after  burst  of  ohlef  interest  In  the  fallout  formation  are  those 
when  the  temperature  of  the  fireball  has  fallen  below  about  2non*K,  For  Ilia 
Ideal  eoll,  the  end  of  the  first  period  of  condensation  should  occur  at  the  soil*- 
melting  temperature,  1673‘K. 

Softie  of  the  fireball  temperatures  and  times,  for  yields  between  l-  and 
1054CT,  as  calculated  from  the  above  scaling  functions  are  summarised  In 
Table  8,8,  For  most  yields,  the  temperature  range  of  interest  occurs  between 
80t„  and  ,'lOt, ,  The  times  at  which  the  temperature  Is  estimated  to  decrease  to 
1673*K  varies  from  about  a  seconds  for  i-KT  to  about  188  seconds  for  101'  --KT, 
In  scaled  time,  tha  change  In  only  from  3lt„  to  27tn  from  1  -  to  10 a-KT, 
reapeotivoly, 

Because  of  the  many  assumptions  Involved  in  deriving  the  descriptive 
equations  Tor  the  surface  burst  fireball,  no  reliability  can  be  attached  to  the 
numerieft!  values  derived  from  them.  However,  the  general  trendim  those 
values,  as  given  by  the  functions  with  reaped  to  time  and  yield,  and  with 
rospeot  to  the  model  air  burst,  are  consistent  with  observation*,  Fxcepl  on  the 
point  of  accuracy,  the  doeoriptlve  value  that  rmn  be  plaesd  on  the  development 
of  the  functions,  and  therefore  their  presentation  hero,  le  associated  with 
pointing  out  what  the  Important  fireball  parameters  are,  with  respect  to  fallout 
formation,  and  how  they  are  related  to  each  other,  When  more  data  are  made 
available,  appropriate  adjustments  111  the  scaling  function  parameters  onn  be 
made, 


M  Pmmfar  MUmattng  th*  Concentration  of  Mould, Boll  In  the  Fireball  of 
n  Modwl  Surface  Burst  and  the  Fractionation  Numbers  of  tile  HadlonuuDdee 

The  use  of  the.  fireball  sealing  functions  for  estimating  the  value  of  n(i  )/V 
whloli  SB  required  In  Fqs,  3,8,  3,19,  or  3, US  in  the  evaluation  of  the  r„(A)  of  ouch 
mass  chain,  1s  Illustrated  In  this  section,  In  the  illustrative  calculation,  the 


Tnbln  II. H 


HUM M AMY  UK  H( >M K  KIMKHA),!,  I'AIIAM MTI'III  VAI.IH'IH  KUll  VAHIOIIH  YIKUIM 
UK  TMi<;  MunKI,  HUHKAUM  IIIIHHT 


Parameter 


Weapon  V loti  I 


U  (sou) 

T  nl  10^  ("K) 

T  at  aoty  (*K) 

T  at  HOty  CK) 

T  at,  4  Otu  ("K) 

T  at  50tu  <"K) 
l/ta  at  ifl7fl"K 
t  at  W7H'K  (see) 


n.nru 

anno 

1720 

mo 

«B0 

no,« 

1,8H 


n,!H 
it  11)0 

aaso 

1040 

1170 

840 

20.4 

10,0 


O.H0 

41120 

aano 

1000 

lino 

oao 

28,7 

211,1 


I, fill 

nofio 
a  l  m  o 
1070 
1120 
ROD 
38,0 

on,] 


value  of  n(t)/V  Is  oat  I  muted  at  only  one  temperature  fop  ettolv  of  several  weapon 
yields,  anil  the  tempera  to  re  at  which  thtp  tdnttl  soil  solidifies  la  snluolod  no  that 
fractions  of  each  clement  condensed  may  bo  onion  tilled  in  apply  at  the  time  nr 
(he  end  of  the  fleet  period  of  condensation, 


Two  limes  are  detected  for  a  complete  compulation  of  llm  rp(A)  values, 
The  first  time,  00  seconds  after  ‘sirsl,  war  Suicidcd-mi  an  in  minimir.c,  io  n 
degree,  any  possible  errors  In  the  relative  abundances  of  the  short-lived 
fission  products,  lirid  so  as  to  mnke  the  compulations  apply  to  n  land-surface 
bii'rsl  In  the  megaton  yield  range.  The  second  time,  of  ft  seconds,  was  used  to 
determine  the  sensitivity  of  the  results  of  the  tioroftUlnlfon  to  the  chaises  In 
relative  abundnnoe  of  the  different  miotldes  due  to  decay  and  In  the  changes  In 
the  weapon  yield, 

The  use  of  single  v nines  Tor  temperature  and  time  neglects  Imth  the 
possible  variation  of  i»(f  >/V  with  tlmo  and  the  possible  losses  of  some  of  the 
fission  produels  and  soil  from  the  fireball  at  earlier  (linos,  The  uomputntlnn  of 
I  he  liquid  soil  eonennlrntion  n!  ir  given  time  and  fireball  temperature  by  moans 
of  energy  balances  Is  nol  an  optimum  method  hoonuse  of  ihe  approximations 
used  In  the  fireball  scaling  hind  Inns  and  Iwemise  the  calculations  Involve  the 
deiermlnallon  of  small  differences  In  rather  large  mimlwrs  which  I  hum  selves 
OB  mint-  be  computed  wlih  accuracy , 


Tim  Mnlni'l Inn  of  llm  llrnltiill  Ininiinritlurc  mid  lit*  llntn  of  noeum'imp 
dolormlnoa  Urn  y  1  < '  1  < I >  dy  uhp  nl  Hipt.  !l. Ill'll  or  II  Ilia.  Hiilmllltillnn  nl'  I <17 II" K  unit 
(III  HtmnmlH  mill  solving  lor  W  given  ii  yield  nl  I  l.otai-KT  (IT-MT);  I, lie  yield  for 
I)  souonds  Is  81-KT,  The  method  of  uompuling  (ho  iieenHHnry  <|iinnllllon  Ih 
dlnmtssod  ho  low  for  l.ho  II  ~MT  yield  dnlnnnlion. 

To  estimate,  liy  niemiH  of  energy  linlnnuos.  the  nm  I  nr  roiieiinl  ration  of  I  ho 
Moil  In  the  flrobnll  requires  estimates  of  the  disposition  of  I  he  energy  enliln lin'd 
In  the,)  fireball  between  the  lime  of  the  second  lompernUirn  maximum  mid  III) 
Biiobiida.  In  thin  time  period,  the  following  prnoosses  iinisl  lie  considered! 

•  '•  •  •  '  V. 

Cooling  to  1078"K,  nnd  rooomblinHInn  of  the  glides  nl  Ta(n) 

Including  lUiuofnnllon  of  (ho  vnporlutHl  moll.  \ 

tio«m  of  energy  duo  to  rndlnllon  from ijlho  i'lifobull,  ?, 

,  •••  .  ;i  '  I 

Iomm  of  energy  due  to  expansion  of  lh|)  I'lrolinll  gases  ngn  Inst - - 

the  atmosphere,  ii  A-  1, 

■  '  '• 

fioan  of  energy  In  hunting'  the  nririltlonnl  nlr  thnt  enter*  the 
flrobnll. 

loss  of  energy  In  hnntlng  nnrl  melting  a  given  n mount  or 
nddlUomil  anti, 

An  oatlmnlo  of  tho  onergy  exohnngod  hmong  the  first  four  processes  Ib  required, 
In  order  to  calculate  the  amount  of  soil  thnl  In  Ixitli  present  nnd  molted  In  tho 
flrobnll  nt  IflT.TK, 

The  thermal  tlutn  nnd  parameter*  doeorlblng  the  M»Mt  yield  fireball,  Tor 
use  In  the  ohtoulntktni,  liru  eummnrlned  In  Tnblo  8,1b  Tho  values  of  n/W  were 
tnkon  from  Figure  8,1,  the  other  dntn  were  cstoulntod  front  the  non  ling  funotlons 
or  from  the  interpnlnilon  of  itlntn  In  the  tables  onW  grnph*  of  Hnetlon  II, fl,  In 
using  the  plotted  dntn  at  odd.  v« Hies  of  T#(*K  o  eheelt  oomputntion  In  rwiulred  to 
nsnure  thnl  tho  energy  sum  nl  t*  Is  >18  percent  of  the  yield,  The. dntn  tire 
Interpolated  from  the  uurvon  plotted  again*'  loniporrtttire,  nftef  eiilenlntlnn  of 
T|(a),  rnthor  than  against  yield,  hneausii  the  Initial  oompulnllea-*  wore  made 
from  such  curves,  The  amount  of  solT  vnporlwetl  nnd  present  nl  tp  woulr!  form, 
ti|Hin  complete  ooiidonontlon  nl  (lOm'ouhda,  n,5|x)0‘)W  moles  In  nocountlng  lor 
tho  till  nUims  poi:  molecule,. 


l, 

a, 

n, 

•i. 

ii, 


l  IH 


Table  ll.lt 


HUMMAUY  HP  PIHKNAI.I,  IMUAMI'ITUIIN  AND  TIIMHMA!.  DATA 
FOlt  Tlllt!  !4"MT  Vll'Mil)  MODI'!  I.  HII!M',Afil',~MiHHT  PIlWhAU, 


Pnrn  muter 

Vnlue 

fa 

b,h  nee 

Tu 

(1,04  naK 

n/W 

4,n00x10l!  molo«/KT 

n,/W 

T,4BBxlO"  nmle»/KT 

n;/w 

0,1(10x10®  molea/KT 

.  V. 

O.llflxlO^W  cm" 

■!  Pa 

4.01  almas 

Pi 

8,18  atmos 

n,/n. 

1.1148 

n„/W 

B  .8(11x10®  moUtit/KT 

AH.-Baa 

90,050  ottlH/molc  nlr 

An,  " 

150,840  unlo/mole  soll/ga*  ntmon 

OQ/lu 

80.04  ' 

10t|g«T  w 

n.nn%  . 

The  energy  ralenxtiri  cm  cooling  thn  rohcr  from  OIWIO'K  tn  IftTIfK, 
Including  MBooiatlon  of  the  icnn  moloouloa,  tm  nnlmttntorl  by  the  proocm*  of 
cooling  to  8D8'K  and  reheating  to  i(l7n,lK.  Thus,  for  tho  nlr, 


Air,  80H*K**AI?, T07B*K,  AH  ■  H.oaii  onl/molc - 

Air,  OIWK-AIr,  AH  « -OB.OBO  onl/molo 

Air,  fl«4fl*K-Air,  3.fl70°K,  AB!  » -07,1)00  tutl/mole 

Therefore  the  bent  relenaed  on  pooling  nml  rnemnblnlng  the  nlr  la 

Q,  „  .  HhIO11  W  ,/xIh  (0.151) 


1  .1 II 


For  the  null,  including  melting  at  lftfCTK, 


IHntl  <fi),  </)»  l«7£rKt  A1'!  »  a»7,700  fm1/inolc> 

Hull  (g),  0848nK"*flnll  (o),  m* K,  All:  -  -4,114,800  cml/tnole 

Boll  (K),  (IM^K-Boll  (I),  IdTH’K,  Alii  »  -S.SBfl.flOO  ei«1/mol<*« 

Therefore  the  heat  released  on  cooling,  rnnnmMnlng,  and  liquifying  the  soil  is 

Q,#  >  -  2,  14x10"  W  eels  (8,1118)  l 

Thun,  the  release  of  energy  on  e Doling  mid  recombining  the  fireball  gasses  is 

Q,  »  »  4.  I  nn  W  mis  (8,188) 

The  radiant  energy  lost  from  the  fireball  from  t«  to  n  Oiu  is  1 8,7  pereonti 
the  additional  amount  from  lot*  to  BS.Otj  Is  8,8  percent  for  «  total  of  IB, 8 
percent.  Hence  the  total  energy  lost  by  radiation  from  %  to  88, ot,  la 

Ql  »  2,  Hxlt)11  W  t'.s  1 S  (8,1 84) 

The  sphcrloal  fireball  volume,  from  lllq,  8,1,46  la  , 

V  «  7,  72x1c)11  W  oxp(Q,  Sl  OW-8,  ,73t)  emr  7-  1_>  1  «i  to  SM«  (8,188) 

Therefore  the  volume  at  (10  seconds,  far  14 -MT,  is 

V  «  I ;  h8x  I  Gib  W  cm 11  (8,1 08) 

The  change  In  volume  from  Vy  ia  therefore 

AV  r  V  »  Vu  -  I.JlxlO18  W  cm."  “  (9,187) 

The  work  energy  uaori  In  CNpnndlng  all  the  gases  from  Vy  to  V  against  the 
OKternnl  pressure  ef  1  atmosphere  (1  cal  *»  43 ,28  em'-atoma)  is 

Q„  -  9,  17x1  nm  W  cals  (0,188) 


4  «fV 


l  i  nr 


In  orde  r  to  estimate  tin*  number  of  additional  motes  of  air  that  have 
onteml  Dir*  fireball  between  ta  and  a m , cm a ,  It  is  iishu mod  that  tin*  Internal 
pressure  of  the  fireball  at.  SiH.Otg  Is  very  olosi*  to  1  utmosphon  .  With  'Inn 
as  sumption  and  that  of  the  perfect  -gus  law,  tho  number  of  moles  of  (ins  In  the 
M-MT  fireball  at  do  seconds  Is 

n,j,  1 ,  55x  1  0T  W  mote s  (!t, 113(1) 

The  net  gain  in  air  molecules,  net'leoting  the  small  amount  of  other  gases,  Is 

in  -  n_,  *  nB  3,  13*1  O’  W  moles  (3.100) 

if 

On  this  basis,  about  SO  percent  of  the  fireball  gas  molecules  at  60  seconds  is 
from  the  air  that  entered  after  ta .  The  energy  required  te  heat  thi»  air  from 
aflS'K  to  16?3‘K II 

Q4  -  a.  9QkH3!0  W  cals  (3.161) 

Since  die  energy  changes  for  all  processus  muat  equal  *oro,  the  remaining 
amount  not  accounted  for  la 


"  ?JxlO,D  W  rail  .  (3.163) 

Assuming  that  this  remainder  is  utilised  to  heat  and  melt  soil,  the  amount  of 
soil  that  could  bo  Uquifiasl  (at  (ho  molting  temperature)  pilua  that  condciiaed 
from  the  vsnor  It  _ ‘ _ 


n(< )  *  S.  B  SkI  (2  s  W  +  S.  SlxlO'W  males 
<f,  JSx{0*W  motes 


(3.303) 


Therefore  at  3673K,  or  60  second#  after  detonation  of  the  M-MT  model 
aurfa.ee  burnt,  (he  gross  concent  ration  of  Ute  liquid  soil  fa 

*  2, 17a  I O'*  mole  s/cm » 


Tits  results  of  similar  computations  of  n(f)/V  at  1673'K  for  values  of  W 
from  !-  (o  lo‘-KT  are  aummarlsod  in  Table  3.10.  Over  UUa  large  range  In 
yields,  the  o<i)/V  values  for  the  model  surface  burst  vary  only  from  about 
1,1x10”'  te  3,8xlO“,l  moles  of  soll/em'.  The  ('ructions  of  the  energy  required 
te  molt  these  amounts  of  soil  range  from  7r5  te  8.S  percent  of  the  total .  Tor  a 
low  yield  tower  shot,  Adams*1  estimated  that  about  3  percent  of  the  energy  wan 
used  in  heating  the  soil  and  tower  materials,  Since  it  Is  expected  that  a  larger 
fraction  of  the  energy  would  be  utilised  in  a  surface  burnt,  the  two  estimates 
are*  in  relative*  agreement. 


Ill  J  UH'I 111  t ■  tliu  imcrgy  btllniiuc.  II  hilly  npptuir  during  the  ilnvulopmunl  of 
Ihn  uf|iinll< >iim  Hint  ll  pnrnnnl  of  (iui  I'linrgv  InlUnlly  iilmnclmd  by  tho  Noll  itl  l,,  him 
Ijiiuii  dloormJotl  hum  Ihu  oiilcmlutli.iih,  Uul  hhiiiu  uf  Uiu  sol!  h&uiud  by  thin  energy 
In  certainly  part  of  thu  n{f>  nvdas  that  are  melted.  This  runddltlun  of  energy 
in  partially,  and  arbitrarily,  compensated  for  by  not  noeuuntlng  lor  further 
losses  to  tho  underlying  soil  surface  between  t„  and  t, . 

If  these  Biiu  r  ivy  Ion  leu  are  considered  to  utour  over  the  bottom  of  the 
fireball,  hihI  tho  ro  additions  are  considered  to  occur  only  for  soil  from  the 
crater  area,  the  (motional  error  In  the  neglect  of  the  renddltlona  onn  be 
estimated  from  the  relative  areas  Involved.  The  crater  radius,  from  ffiNW,  la 
foot  (for  W  in  KT),  or, 

Rj.  -  1, 90x10’  W^3  cm  (3.105) 

The  ratio  of  the  surface  area  of  the  orator  to  tho  surfaao  aroa  covered  by  the 
fireball  should  give  the  fraction  of  energy  recovered,  aesumlng  uniform  losses 
from  the  surface  of  the  fireball  that  Is  In  contact  with  the  earth,  The  ratio  of 
R'£/R‘,  Is  O.O0i  hence  the  amount  of  energy  recovered  from  this  area  only  would 
be  0,81  percent  of  the  total. 

While  it  H  possible  thst  a  large  part  of  the  energy  losses  to  the  soli  could 
be  near  tho  oenter  of  the  area  covered  by  the  fireball,  theao  losses  were  not 
considered  lo  occur  before  t...  Because  of  the  low  thermal  conductance  of  the 
soil  minerals  and  tha  high  tamperaturas  of  the  liquid  layer  or  boundary,  If  any. 
between  the  gases  and  the  solid  anil  should  be  vary  thin,  The  final  compulation 
of  n(f)  doc  a  not  stipulate  whather  the  energy  losaea  to  the  eoll  after  ta  result  in 
the  formation  of  a  liquid  layer  or  puddle  in  the  crater  which  Is  thereafter 
disrupted  end  sucked  up  Into  the  fireball  or  liquid  psrllcles  by  the  direot  melting 
of  Individual  soil  grains,  Thoreiprs,  except  fu>r  the  averaging  of  the  energy 
loss**  over  the  fireball  surface  up  ip  t; ,  no  speolfiastlun  of  the  fate  of  the  9 
percent  or  the  energy  Inst  to  die  eoll  can  be  given, 

The  final  major  assumption  fit*  the  calculation  of  n(f)/V  la  that  the — 
Internal  pressure  of  the  fireball  is  l  atmosphere,  There  is  apparently  no  dste 
to  substantiate  this  assumption  except  the  inference  from  the  fact  that  the  early 
expansion  of  the  fireball  die  atope  at  I.,,  so  that  even  at  this  early  time  the 
Internal  preaaure  cannot  be  very  much  larger  than  die  external  pressure,  At 
die  lime  the  temperature  has  reached  1073*K,  tha  fireball  Is  quite  high.  For 
example,  at  23  aeoonds  the  top  of  the  fireball  (or  forming  oloud)  for  the  l  -MT 
yield,  from  iq,  3,197  would  be  a»  an  altitude  of  about  13,000  feet,  At  this 
altitude,  the  actual  external  preaaure  Is  eonsIderiJbly  leas  than  1  atmosphere, 
The  number  of  moles  cf  air,  as  estimated  by  the  use  of  tho  assumption,  Is  about 
twice  ihe  original  number  of  sir  nt.-ons  In  the  same  volume  at  1  atmosphere  and 


ailH-K  nnd,  ill'  i'iiui’hi',  the  energy  Imln »«•<•  equal  Iomh  Mo  mil  ly  tin*  origin  of 
the  gnu  ill ii nut ,  Nome  nfllie  ntl<l liloniit  nlr  eerlnluly  cornea  from  the  volume 
MWiipl  mil  above  I  ho  fireball  im  II  j  nlnn,  wone  muni  ontor  from  lln>  Imllnm 
along  with  t ho  milumn  uf  noil  pnrtlcloM  Ihnl  Im  I'oimiioM  by  the  u|mIi’iiI'Ih,  The  luil or 
Im  particularly  nntlooable  on  Him  periphery  of  the  enlumim  of  (lie  larger  yioHil 
(InlnnntlonH. 

Home  oHtlninto  of  tlio  amount  of  tho  erntor  rnnlorlnl  Ihnl  Im  involved  In  the 
formation  of  n(i)  onn  Im  made,  unin^  tho  orator  rnilivm  given  above  and  tho 
nrnlov  depth,  afiW1^  foot,  nn -given  In  KNW,  For  tho  orator  volume,  n  oono 
Bhitpp  Ih  ur  of  I,  which  Is  somewhat  more  typical  of  the  shape  of  orators  from  the 
larger  yield  nuolcnr  weapons  Ihnn  the  ellipsoid  of  revolution  of  FNW,  Tnldng 
110  lb/ou.  ft  for  tho  soil  density  ft  Ivor  *  . . 

M„  n  n,  I  lKlOl,W"l",Vm  (ill  1(1(1) 

for  the  n  mount  of  noil  removed  from  the  critter  (yields  In  tho  MT  range  lonvo 
no  erntor  Up).  The  range  In  tho  masu  of  n(f,)  from  1  -KT  to  10M-KT  according 
to  tho  model  aurfmm  burst  fireball  (mol,  wt,  524)  In  1  ,l)2xl o"w  gnis  to  2,33xf0"w 
gmsi  with  tho  critter  mown  of  icq,  11,1(1(1,  tlm  oomwpoivilng  rnngo  in  the  percent- 
ngo  of  the  erntor  mnns  thnt  forme, n(J!)  Im  from  3,8  percent  to  ia  .percent, 
respectively.  In  terms  of  the  model,  flume  are  the  I'raotlonn  of  the  erntor  mass 
thnt  have  entered  (he  fireball  up  to  1,11  nnd  122  seconds  after  (letonntlon, 
providing  no  significant  amounta  of  molted  null  have  rail  on  out  of  the  fireball 
volume  during  thin  period, 

It  la  clear  thill  tho  n(l)/V  rntlos,  ns  tmleulnfod,  nsHuroo  that  many  noil 
pnrUeUm  have  entered  the  flrobnll  nnd  that- anno  hnve  left,  If  h  lurge  number  of 
particles  Imvo  been  oJeoUul  front  the  flrobnll  during  Ihe  period  when  the  liquid 
mo  1 1  onn  exlMf,  then  the  eomputori  vnluen  of  n(H)/V  live  too  large,  However,  the 
an  mi  nipt  Ion  Ihnl.  only  nn  insignificant  fraction  of  the  pnrtloloH  lonvo  tlm  flrobnll 
during  the  period  when  the  more  refractory  I'ImwIoii  products  domlonso  mIiouUI  be 
valid  because  of  the  abort  limes  involved,  ll  II  Im  further  assumed  that  Ihe 
mixing  In  the  volume  i*  rather  uniform  and  ihnl  equilibrium  coadlUoiiB  exlHt 
between  the  liquid  pnrflelen  nnd  vnpor,  then  estimates  cmn  be  mnde  of  n(J) 

(or  of  n(s)  If  complete  enmloiisnUon  or  all  the  olomnnfn  does  not  oeeur  at 
temperatures"  above  the  molting  jsol nt  of  the  ourrlor)  from  olmeryed  valium  of 
the  concentration  of  fission  product  elements  In  fnlloul, 

The  condenMiillon  of  the  more  refractory  flsHlon-prot'uol  elements  occurs 
lndependenl.lv  of  the  Htnle  of  the  enrrler  material,  All  that  Im  required  la  the 
proHonoo  of  n  maeroHcople  condensed  plume,  ll<|iild  or  Hidld,  on  which  the  vnpor 
can  condense.  Will’ll  eomplete  eondoamitlnn  of  one  or  more  of  the  flMHlon  product 


oloiinml.M  itoeiiPH,  llie  rill  In  of  t  |)i  <  Inlul  iimoiml  of  null  priouml  In  l.lw  llrulml!  lr 
llm  Inlul  uidouiiI  of  llm  oloimml  1 1 1‘< >im >n I  In  llm  llmlm!!  vm ilti me  In  <<<|iuil  In  llir  nilln 
found  III  llin  I  it  I  Ion  I  |iii  t'l  Inli'M  formed.  In  Hie  mni'ii  umini'Ml  mini',  IIiIh  inf  (■  <  In  aivon 
l),V 


n(f) 


N, 


I 


I  I 


(ii<n/V)HT 


(II,  1117) 


tn  whiuh  Y  .  In  l lm  total  wonpoii  ,y  tukl  uf  iiiiihh  iiiimlmr  A  (In  iiioIoh  or  I'ImhIihi 
uquivniontr),  mid  N .  is  the  mnlu  friiulUin  or  omuiontPlillon  of  iiiiihh  nuiuhur  A  in 
the  fallout  part IuIcjh  in  (inolim or  fiMHlmiH)/(nmle  nt  urn  uf  Hull),  I'Vr  iiuikk  ulwilim 
eonuinlna  only  olemonlH whop  humuoum  «|)oultm,iu,.e...luiHH.  volatile  limn  liic  nurrlun 
thti  summatloii  term  Ih  uiiuiil  In  oiiu, 

■For  iiivoHilpUiiH'  iKiHHililo  Union  mid  to, mpe ru tui'tiw  nt.  whinli  uflvun  olomtJiii 
u nude n huh,  rtul laoltom ttiul  data  on  (lie  fruollumtUid  mu»m  uhulim  nrii  ruiitihmtf,  In 
this  mine,  the  bullin'  oHlIniulo  of  n(f)/V  would  I'ohiiII,  whim  tho  Humniucl  lurm  him 
voIiiuh  butwuun  ti.it  aim!  0,8,  Ifnl'urlvimiluly,  no  imoliniwlflud  diuti  nee  nvulluldu  on 
I'rnolHiimlml  olutlnn  for  uho  le  eolvln'jf  lilt),  11,1(17,  Sonuidhtit,  Imwntl  mi  Win  111) 
aiiBlyuuH  In  lurmM  of  flNAhiiiM  «nd  uthui  HiunniirulmiiiUi,  uuo  tivtUluUlo  for  nuiklnu 
rough  usttmivluB  uf  h(f)  oi;,h(b),  uMMtirnlutt'  tho  iiuihh  iltl  ohiiln  hud  eomploiuly  eon 
duiuiiid  whllu  All  live  full oul  formlim  pui'llelnH  wore  pruflunt;  tliu  ho  dttlu  nru  miiiii 
-mnrlRutNnTnliloii.il. 

_  Thu  f  I t’titin 1 1  voiiiniiiH  (mud  in  ouUiiilutu  Hitt  f i h h Itin .ocintMmVrivtf imTS  YFf 
Tablu  11. 7  wuh  tliu  Kl7llnK  voluniu  for  Uio  motluj  mirfiinu  burnt.  Tho  only  dnlii 
directly  upplluubUi  fur  omnpurlHon  with  -model  pu'fuou burnt  oultHiiiitlonn  u in 
those  of  the  nporiillon  ifmiifio  "W"  Dliot,  Homo  tirror  -In  Involved  In  tliu  enllmnion 
of  tliu  fnotbrn  tinud  to  uunytirl  llm  M,  (1)  viiIuuh  to  l/N  (|l  vuIiiub  itpplluiilile  to 
the  rafrnutory  t> lum u 1 1 tcu-iil mo ,  nonve  bluet  In  hiiroduutid  butiunne  Uio-nnmplun 
from  which  tho  M,.  (1)  vnludn  wtiru  durlvud  woi'o  luiuwii  to  eoiilnln  Homo  unknown 
fruullon  of  bnukKiMHiiid  mill,  not  fuilMit.  which  would  limd  to  nuiliit  tho  cuileuJutnd 
vhIiiub  of  n(f.)  or  n  (n)  high,  Tho  i'iminr-(iM\vn  cllfforonuu  liulwuuii  tlui.77l.iiUi"  nnd 
tho  niodul  vliiuon  eould  be  ruonmillod  on  thin IiiimIb  iiIoiiu,  Tho  dntn  from  the 
other  nhoin  worn  Included  only  in  (inhibit  dlfformumn;  no  I'lroluill  model  liimluiou 
developed  for  thorn  iim  yul, 

P«ir  the  muluruTomul  nliot,  the  flrulmli  volume  from  this  model  mirfuou  blind 
In  iiortuliily  liii'uui'  limn  (lie  iiotiiul  hum  voliumi  wun  ui  MI7U"K.  Tliorul'ore  fliu  trim 
vuliio  of  n(f)/V  or  n  («),■  V  for  un  uiwlnrn round  detonation  would  tin  uvon  Inrwur 
limn  Hint  nl  Tnltlo  ll,l  I,  On  (lie  ulliur  IiiiihI,  llm  Hiimplon  from  wlildlt  tliu  M,  (l ) 
viilimn  were  duloriiilimd  oonHiiimd  morn  ImciUg t'uiiiicl  noil,  not  I’u limit,  Hum  Hiuno 
from  the  mirl'llim  Hliol,  However,  Hie  oxoohh  wiih  prnlmhly  not  it  fuoliir  of  two 
ftrunlei,  ho  the  Inruer  viihm  of  n  (f )/  V  or  n  <h)/V  eulouliilod  for  (lm  mule  ru  round 
hIioI  ropruHuiilH  ii  mill  ohoiihm  over  Huh  of  Hie  Hiii’l'iiee  allot  In  I  Unit  ■  mid  II  eould 
lm  even  In  reel" 

I  oh 


The  tl Min  1 1  ^»<f  tin4  h»w  Mint  Nlxtuie  I*e  nMnuitiiihly  non r  Hint 

Hi  surlier  liurM.  Thu  Ikwn'  taltm  id  <t(#|  V  (i,«>,,  iumxl  purl  h-lm)  In  this 
ease  »r  mainly  due  tr*  Iwight  ol  Iwrul ;  n  true  iilr  Imrnl  til  dm  mime  height  wnulil 
Im  expccltwl  In  h»vi<  even  lowor  Ri»ii  i  iim  i'nlriiUoiiN.  I?  von  with  these  tllffcrenccn. 
Mm  calculated  value  «l  o(#»/V  !*  leas  than  n  factor  of  two  (mm  Hint  nl  ihe  mncti  l 

In  (ho  4'fiRP  <>t  the  coral  detonation*,  (he  sample*  riiii|ulm<d|h,(|i  fused  Arid 
»rre*ular  particles,  homo  n  large  fraction  of  Ihe  fission  proddct  elements 
pr^sentt  had  cwiw^nSv-tl  mi  l!i"  solid  t'litt  particles,  'the  motlcl  vjittioii  of  o(f)/V 
again  agroa  with  the  ol»crvetl  data  (in  this  ease  n(s)/V)  within  a  factor  of  two. 

All  She  observed  data  for  She  Ini  lout  Irani  o  near  aurlnee  ilnlrmiiflnn  whnrn  nuim 
Hum  one  sample  or  datum  point  I*  available,  show  the  4  le  rived  n(f)/ V  or  n(«)/V 
value*  So  have  n  spread  of  nlwul  a  lector  ol  two.  diner  (he  values  cnlculntcd  lor 
She  Ideal  surface  hurst  fireball  mcnlel  He  within  Oil*  rnngc  one  concludes  Ihnl 
Shea®  concentrations  tan  Ik>  estimated  from  ihe  model  with  Atnul  the  same 
reliability  as  they  are  known  I'roni  the  available  dntn, 

II  the  Henry  *  law  constants  lor  all  the  radionuclides  in  <M|ul librium  with 
a  silicate  toll  were  available,  the  tract  Iona  of  cnchlhnt  have  conrlenaerl  at  a 
given  temperature  could  lie  calculated  liy  using  the  estimated  values  of  (n(()/V)HT, 
Rut  while  Shore  are  some  thermal  data  on  silicate  compounds,  they  are  not 
suINdesitly  extensive  in  include  many  Has  (on -product  elements.  No  compre¬ 
hensive  study  has  l»cn  made  So  correlate  all  Ihe  available  thermal  dntn  on 
silicate  materials  as  high  temperatures,  a*  has  been  made  of  other  compounds 
It  Mils  latter  data  vferc  cnrofiifliy  st  udied,  perhaps  (hoy  anil  other  daln  could  Ire 
ui  Hired  So  make  reasonable  estimates  nl  Ihe  inner  nrn**ur'?s  of  m«,»<  «f  <J«» 
Impartnnt  I  tss  Ion -product  elements  over  a  molten  soil  mlnernl. 

x,  .  a 

In  order  to  scat  Ihe  model  ol  the  condensation  process,  and  So  estimate  on 
a  relative  basis  of  She  fractions  that  condensed,  the  following  compromises 
with  reality  were  madei 

(I)  The  fission  product,  Its  oxide  or  other  compound,  lorms  an 
ideal  solution  in  (he  molten  silicnie  glass  during  Ihe  It  ret 
pnrhwl  of  »mmlonsnHon  i  _ 

(3»  The  carrier  material  is  nonrrencilve,  so  that  no  comimmd- 
formation  with  Ihe  fission  product  elements  or  oxides 
occurs » ami 

(3|  The  gaseaus  aperies  of  ench  itssion-producl  element  (wllh 
a  lew  exceptions)  it,  In  the  presence  of  oxygen,  the  some  ns 
that  which  Is  In  equilibrium  with  lla  own  llqultl  or  soldi 
os  hie. 


t*'r»  r  ninny  ol  llii*  IIhiIoii  prodiii’l  <  •  !«•  i  iwm  il  m  ,  f  !•■>  1 1  rut  i  '<  »i  mj  >  i'<  mi  I  m  i  < ,  nr 
H|H‘clllt  i  m,  Ih  |!crlui|m  reasonable.  liermine  mnny  oxides  i|n  In rm  solpiloiiH  m 
silicate  (i. .  Hew  intil.  In  lids  i'ii  ae ,  I  In"  Hnlullnii  |h  very  dilute  The  seeoitd  mill 
illil'il  compromises  merely  hIm if  llm  premise  mi  wjdrji  i  nninnl  nil  limn .  In  tin ' 
liquid  and  vs|f»r  stale,  respectively,  are  c*<iiii|im!*mI .  The  mlmpl |IT«<iiMtm  of  Hit' 
li(|ttl«l-vii|ior  pli  a  He  system  to  it  hi<|  id  ideal  Help!  Inns  ninaiiH  Ihiil  (he  solution 
behavior  I*  defined  hy  Ilnoull'H  law,  rather  Ilian  Henry's  law,  and  I  hut  the  vaimr 
pressure  of  (hi*  gaseous  species,  i.  of  element  |.  IH  ml  von  Hv 

I'n  N ,  r»V ,  (ii.lliH) 

whom  p*|  Ih  the  vapor  pressure  of  Ihe  gaseous  atom  or  mnleeule  over  the  pure 
compound  In  the  liquid  or  solid  state  id  the  name  temperature,  nail  N,  Ik  the 
mofo  fraction  of  Ihe  pure  compound  In  the  molten  soil, 

In  the  real  ehendeal  system,  many  of  Ihe  flun  Inn -product  oxides  or  other 
compounds  would  certainly  exhibit  significant  deviation- from  Idoltl  behavior, 
even  nt  low  concentrations.  In  Iho  cnae  of  the  liquid  silicate  nn  n  cmndousliig 
surface,  II  might  lie  expected  thm  tlmao  elomonta  wIioho  tonic  character  flitter* 
moil  from  Hint  of  SI* **  woulti  prolinhly  deviate  moat  from  Ideal  behavior.  The 
elements  expected  lo  deviate  most  would  therefore  bo  those  of  the  nlhnll  metals 
However,  almllar  oxldn*  should  (live  almllnr  deviations,  bo  that  the  relative 
vnluoa  of  pi,  for  ulmflnr  oxides  ahmild  be  In  the.  an  me  numorlcal  order  a  a  Ihe 
Henry's  low  constants, 

THsra  is  one  additional  factor  that  eliminates,  to  aornn  decree,  me 
requirement  for  knowing  thit  vapor  pressures  of  all  the  elements  over  ihe 
condensed  phase  lo  a  high degree  of  noeuriiey,  In  iho  condensation  equations, 
the  value  of  rfl(A)  varies  Inversely  with  I  ■  pi,/( (n(f  )/V)ll'l,))  where  k  ,  Is 
replaced  by  pi,.  The  value  of  the  sum  of  a  series  of  those  terms  depends  on  the 
value  of  pi,  relative  to  the  value  of  (n(f)/V)HT,  If  ihe  ratio,  gljvcn  by  the  second 
lerm,  Is  less  thftn  tuitil,  (hen  ihe  element  Is  essentially  ion  percent  condensed, 
and  l|  (he  second  term  Is  more  thnn  shout  noil,  the  fraction  condensed  wlll  lm 
negligible  (I  n,,  Its  contribution  to  the  sum  activity  will  lie  negligible),  In  the 
cnsei  where  the  vnlue  of  Ihe  second  terms  Ih  outside  these  limits,  no  accuracy 
In  Ihe  ad ual  value  of  pi,  Is  required,  The  greatest  accuracy  In  Ihe  pi,  value  Is 
desired  when  llm  value  of  ihe  rallo  Is  nenr  unity, 

The  vapor  pressure  data  Tor  Ihe  assumed  vaporisation,  or  eondensnllon, 
reaction*  for  live  many  elemenls  considered  are  given,  In  Table  Till,  in  terms 
of  empirical  constants  for  the  equal  Ion 


I’M 
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l  l\  I  <’. 


(T  1(111) 


wIiiti1  in",  Im  In  n I muH) >)ii< i*i> ,  A  nml  H  urn  otii|il rlfii I ly -I'lllrul  i'oiimIiiiiIh,  and 


('  ( M  |  (  /  -  W  )  |ll|4  lJ(d(l)  (11,17(1) 

bused  im  Mm  wiliitlllKiiUon  roiiHhm  of  I, he  tmiii U'Iimim I  oxide,  Mv  o,  ,  according  to 

xtJMfO,  <£,»,  iif )-  M,  jOJg)  +  t)M(g) 

1 1  3 

where  I’(Oy)  la  the  oxygen  ftraaaure  In  atmaapher*  and  thexi),  y,  k«  shd  w  are 
numbara.  The  flee'lgnntinn  (n)  la  for  crystal  ,  {#)  la  for  licju!df  and  (gf )  For 
gin**,  The  oonatant,  Cl,  determine*  the  effect  ol  oxygen  pressure  on  the  amount 
of  the  gaseous  spec  I  tun  that  condense*,  In  nil  but  n  very  lew  ease*,  the  free 
energy  data  for  the  condensed  phaaea  of  the  oxide*  n«  reported  by  Coughlin® 
wore  used  In  the  evaluation  of  the  nnnatanra  of  Bq.  ft. JOB.  Tha  frao  energy  data 
used  for  the  elements  was  that  of  Stull  and  Sinks®,  The  other  data  source*  uaed, 
mainly  those  of  Brewer  and  no  Workers,  are  given  In  the  table, 

)! 

The  empirical  oonatanta  were  evaluated  from  the  free  -energy  data  a*  near 
1700'-K  a*  waa  feasible,  Where  tabulated  data  were  available,  the  free  "energy 
change*  from  the  linear  equation  were  calculated  for  comparison;  In  moil  case* 
the  deviation  of  the  values  given  the  equation  from  the  tabulated  data  at 
oxtromea  of  the  given  temperature  rnngna  were  lea*  than  nf)0  ea I/m, ole,  The 
eslitniited  equation  cionatanta  were  usual  ly  obtained  from  eatlmatea  of  thn  I’ree- 
energy  function*  of  the  gaseous  molecule*  and  from  estlmatas  of  the  heat 
Gapa&ttlss  for  the  eondenset!  phase, 

Taking  Into  account  the  effecta  of  the  oxygen  proaaurn  and  of  Che  Clin  - 
soolatlon  and/or  polymer!  nation  of  the  gas  mo  I  mil  ex  require*  pome  adjustment 
of  the  maiertal  tmlnnoo  equation*  that;  were  developed  for  the  application  of 
Henry ’a  law,  From  the  general  I  red  vaporisation  equation,  the  following 
qunntllllna  are  defined  i 

Nj  *  nj/yntl)  (PU7B) 

for  the  mole  fraetlon  of  the  condenaerl  oxide  in  aolutlon  and  In  nqul librium  with 
one  or  more  gaseous  specie,*,.  1 1 

n  "j  =  mV*yn  <a.i7fl> 

for  the  mole  fraction  of  the  guaeoua  apeclea,  and 
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i  iUCiv-n«9i9» 
!,iwo«a,»5K» 

b.ioo-mm 
a, boo-moo 

.47,535' 

<•40,1100) 

}  3 .507 

1  ri.iiii** 
HJWii 
54.705 
fi  i  -Bnii) 
(50.700) 
(14. 70S) 

5  /i  M  l*ff  5.. 

*»lu*  I*f*3|i 

*nrA  lr*|j  |*(Oj  1 

-i/a  log  l*(nsi 
-i/i  iug  PlO«i 
•t«ni  Pin,.) 

-n/4  to*  P<<M 

a.ann 

1/1  ()«  fl'l  ,(«) 

•'  080(11  4  1/1  0»(i) 

•»  8  0«(f|  *  1/1  0,<fl 

1,000- 1,004 
1,000-1,  BOS 

■  41,0(10 
-45,180 

II  Ml 
1400* 

-1/4 lo*  Pin, ) 
-a/4  in*  i’(oB» 

1  tun* 

!  /I  Id  t  0,(01 

l/»  ItU 

-  IbO|«)  *  1/4  0,(1) 

-  Intel  t  8/4  0 ,  <*> 

1,000-1,000 

1,000-8,000 

-48,100 

•88,819 

11,468 

10,040 

-1/4  lo*  PPM 
-a/i  ins  Pm,) 

1,800 

I  AMMO 
l/»  A  «„<MI ! 

'*  A*,G,  (1) 

•  A«0(|S  t  1/4  0 ,  (|l 

100-1,090 

1,000-1,000 

-  8,018 
(-10,010) 

8.088 

(l.»44| 

*> 

~)/4  lo*  Pin,} 

:i 

8*0. 

a  Mi  o,(8  i 
l/l  Mb,  0,(81 

•*  A»|0,(l) 

-  «*>«)  *  1/4  0,  (|l 

MR-8, 090 
1,900-1,090 

-  , 1,1*4 
(-81,1*01 

8.1*8 

(»,!lfl) 

-1/4  In*  I1U,I 

08* 

UfOil  Wl 
«rw,  («| 

•  *lO(||  <1/10,(11 
■■  *roi  «! 

1400-8,100 

1400-8,800 

-80,800 

-40,180 

I8.4«* 

4.080 

-1/8  lo*  P(0, ! 

1,000 

>  CtOf  (0| 
CK),  (VI 

•«  ceOMt  *  i/I  o,  («l 

•  CHh  (#t 

1,100-8,  MO 
1(300-8, MO 

(-48,010) 

(-88,680) 

(14.0011 

10,2941 

.1/2  10*  P(0 

8,41(1 

IK»,  <*!  •  WK*)»I/M»,<»I 

WJ,  (cl  ■*  WO,  (1) 

W,  (el  *  I/I  O,  *  .VOtWl 

1, 100-8, 010 

1.100- 8, MO 

1.100- 8,0*0 

-11,010 
-88,010 
•  11,880 

12.044 

0.804 

4.604 

-1/8  lo*  Pin.) 

(1/8  lo*  Pin,) 

8,«*o 

*10,  («1 
•10,(8) 
*10,  (81 

*  iKH*l  4  I/I  0,  (II 
-  *10,  (*1 

*  *«M«1  1  1^  o,  (fi 
-  110,(11 

1,000-1,080 
1,000-], 880 
1,880-8,149 
1,810-8,100 

-40,110 

-a*, mo 
-a*, iso 

-91,(4141 

11.000 

*.*08 

18.86* 

*,»«« 

•1/1  to  Pin,) 

-1/8 101  Pin,) 

1,080 

a*Qi«n 

CtO,W) 

•  fieOtti 4 1/10,  <*( 

«  am) 4  i/i  «i«i 

*00- ! ,N»0 

1 4*8-8,600 

-81,880 
*81,  MO 

10  *80 
18.1*8 

-i/i  to  Pin,  1 
-1/9  tot  F(0,l 

1,000 

*on,(ei 
*i*i,(4  1 

•  *no(*|  '  1/8  0|(*) 

•  madi « 11/8  0,(11 

1,1 00- 140* 

1, *8* -8,ftW 

■18,410 

-81,040 

18  18# 
11.400 

•1/8  to  Pin,) 
-1/8  ln|  P4(l,l 

1 ,10* 

ll«0,(t'l 

MM*) 

»  RuOtti  n  I/I  a, (*S 
»  «(((*)  •  0,1*1 

1,  ooo-i, nou 
1,000-8,(100 

(.81,1(101 

-41,800 

iin.onii 
10.  no* 

-1/8  In*  l'((l,l 
•In*  lit), 1 

i/«  nn.wi 1 
1/8  Nil,  Wl 4 

r/4(>,(*i  .  mioflii 
.1/4  0,(11  •  KhO,ttl 

i,ooo-8,oih» 
1,000- 1,800 

MMM) 

-ia,Mo 

(0  OKI) 
1.4*0 

>1/4  In*  POM 
>1/4  In*  PPM 

W\(rl" 

*rO,(rl 

•  W-Oj(EI 

-  (WH|I  <  1/8  0,(1) 

-  KH'1,11  4  IH  «M*1 

ftfla-Mtio 

mu\ \m\ 

\  ,imn4,oflrt 

-  4.810 
-10,118 
(-10,1111) 

1.(144 

HI. 104 
(13.2211 

•  1/1  In*  I1(»,| 
-|/3  In*  P((>.  ) 

8«8  mill 
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Tui lie  ji.ia  (i-niH'llliliKl) 


MnmOlun 

ToniiKii'iiiiiro 
twnio  cm 

A" 

n" 

4.!h 

M.I'.CKI 

TftM|(n| 

.  r«(i(Ki  +  i/ii  n,(«i 

rail"  i  .non 

■■00,0711 

10,440 

■1/0  lug  Pffl„) 

1,000 

TnO,(i  | 

-  Tod,  (til 

1,1)00-9,0011 

(-10,1011) 

(0.11110) 

II  T<ifi||/ 1 

-  ’.To,  (*)  +  0  0,1*1 

1,040-0,0011 

(-1111,(1(1(1) 

(10,074) 

-  3  In*  1  . 

TliMil/l 

.  T«(i(g)  +  i/a  n,  (a) 

i  ,ni)(i-»,ftoo 

(-09,100) 

(O.HflO) 

-1/0  In*  !*((),  | 

1/0  NluO.fcl 

*  NbOd)  +  B/4  0,dl 

l,(ioo„l,7«n 

-40.HI0 

10.009 

-4/4  In*  P<0,,l 

1,744 

i/a 

-  NtiO,(g)  I  1/4  (>„  (SI 

1,1)00. 1.TRft 

-110,470 

1 1 .7101 

-1/4  In*  l»in,  | 

l/a  Nb,0,M| 

*  Nto(g)  +  s/4  n,(g) 

1, Tin -R, ADO 

-40,000 

14.004 

-II M  lo*  l'«»u  I 

i/a  Nii(f)«(<  i 

-  NW,(g)  +  1/4  0,(11 

i,?ii).a,ftfto 

-90,000 

0,740 

-1/4  In*  P(Oa ) 

11  MnO|(c| 

■*  Mo,  £),(*).  / 

000-1,000 

.17,000 

14  1107 

.  - 

1,0110 

4  MaC),(e) 

-  Mo,  0  M  (B)  / 

400.1,00) 

.00,440 

17.044 

. 

ft  MuCMi'l 

Mo,  On(gl 

400.1,004 

-00,077 

l»,ft47 

- 

MnO,(l ) 

•  Mtidiai  +  o,m) 

i,o(ii-a,oon 

-ni.Mio 

14.040 

•  l«*  P(D,1 

MaO,,<4) 

-  moOi(i)  +  i/a  o,(i) 

i,oft ). a, ooo 

-04,740 

10.140 

-1/0  In*  P(ri,| 

MOOld) 

••  MOO,(«) 

1,004.0,000 

7,1170 

• 

a  Morja(4) 

-  Mu  ,0,(() 

1,0(14.0,000 

-11,1,1)0 

ft, 040 

'  * 

II  MoO,«) 

*  Mo, 0,(1) 

1,001.0,000 

-  4,7(lft 

a, one 

„  . 

4  MUO|(t| 

-  Mo,u„  (g) 

1,004.0,000 

-  1,1(14 

0,400 

■  -  • 

ft  MaO.U) 

-  Mo,0„(ft) 

1,004.0,000 

4  1,001 

-0,044 

- 

MaO.iu) 

MftO.(l) 

1,004.0,000 

-00,010 

4.000 

“ 

Mot),(n|  +  I/a  0,(0)  *  Mao.!*) 

1,004.0,000 

•14, ft 40 

_  4,410 

+1/0  In*  P(f)|) 

a  Moo,(c)  +  0|ia)  -•  mo|Oi(ri 

1,004-0,000 

•  406iB 

0,047 

+■  In*  P(0|  1 

0MaO,<e)  +  a/0O,dl  -  Ma,0,(«) 

1,004-0,000 

+  11,04(1 

-0,041 

+4/0  In*  P(D,) 

4  MaO,(o)  i  a  0,(1)  *  M0,0,,(||) 

1,001.0,000 

+01,110 

•4.100 

+0  In*  Pin  ,  ) 

ft  Mao  ii  (ft  1  + 

s/ao,(*i  ■«  Mo  i;  o  i,  (g) 

1,004.0,000 

+04,440 

-7,7011 

+11/0  In*  P(0|) 

' 

Ton, (c,4  ( 

-  ToOdl  +  l/B  0,(*1 

1,000-0,000 

Mil, 0401 

(19,407) 

.1/0  lo*  PUi.l 

Ton,  (cm  | 

•»  TOO, (|f) 

1,000-0,000 

(.00,4701 

(0,(104) 

m 

To, (3,(11 

*  Td, 0,(1) 

409.  1)4(1 

.  0,imo 

4,000 

m 

non 

Cii(o) 

*  Ou(|) 

400.1,01X1 

.17,410 

4,ftl4 

m 

1,440 

Cllll) 

-  em«) 

1,B 4ft-0, 000 

»I4,«40 

4.441 

'■  ¥''■»  * 

A|(i» 

*  Aim 

000-1,004 

>14,(100 

0,1144 

m 

1,044 

A*(i  i 

*  akd 

1,004-0,000 

-10,741 

4,074 

l  __  _  » 

Pll(O) 

•  Wdi  "  ii 

'1,000.1,094 

•1(1,0111 

4,10ft 

m 

1,004 

mt) 

Kr(4) 

■  W(R)  - 

*  Krd) 

— 1,090.9, 400  ■ 

— — 

» 

4,040 

H 

Xo(4) 

-  x»d) 

- 

» ■ 

• 

-  ■  , 

Ntillrlf ) 

■*  N«nr(g) 

1,0011.0,000 

-4,01ft 

4,040 

1,0*4 

Nnl(ft) 

■  Nnl(g) 

000-0,000 

11,000 

040 

n.  Vnlutu  lu  iwrpmhviiii  nrn  MtimHtMl  v*l\ien, 
h,  Bih'  Ii'KI, 
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I,  Goughllii,  ilnmiiN  I1.,  IIiu'iiiki  nf  MIiiph,  lliilloltii  fWU,  IDfH. 

'4,  Hi.ii  1 1 ,  I),  II,,  mid  u.  G,  dlnke,  The  Thorniodynnmlo  PrnperUflM  or  Hie 

Kluiiu'iiin,  Am,  uhom,  Ht>u„,  Wmdiliigtnn,  D,G,  liiBd, 

II,  Kollo, y,  K,  K.,  lUmimiof  Minna,  Hullulln  BH4,  IIMK), 

4,  Brower,  liMO,  Uliom  llitva.,  Ml,  1  <101)!!). 

fi.  Bi’uwoi',  litio,  HCHIj-U8M  10##. 

0,  llruwor,  Lon,  UCIlVSflSfl,  10BR. 

7,  Hrowar,  Leo,  and  J.  Drqwart,  UCHI^-OIIBU,  11)51), 
b,  Chandi’Baukhafaiah,  M.  8., and  L,  Bruwor,  UOHLrfl7!lfi,  tOBIl, 

I).  Hruwur,  D„  and  M.  8,  Ohnndraaakharalah,  UQRL?H718  (ruv.jh  10(10, 

10,  Ghupka,  W,  A,,  and  J,  Berkowltis,  <1.  Cliem,  Phyalon,  JJj},  1007  (1007), 

11,  Buma,  It,  P„  Cl,  Da  Marin,  J,  0 rowan,  and  It,  T,  Urlmtoy,  J.  choni, 
Phywloa,  8g,  1HIHI  <11100), 

10,  Drown  ri,  d„  U,  Do  Maria,  it.  p,  Bum*,  and  M.  ti,  Inghram,  <1,  Cham 
Phyntoa,  jj#,  11100  <HI00). 

la,  Chupka,  W,  A„  M,  O,  inghram,  It.  f ,  Porter,  d,  GHem,  Phyatea,  04 
700  (lOB(i). 

14.  Do  Marin,  U.,  R,  P.  Burna,  J.  Drowart,  nnd  M.  0,  Inghram,  J,  Chem 
Phyaloa,  Ji|,  197#  <1000), 

IB.  Aloook,  0,  B,,  and  0,  W,  Hooper,  l>raa,  Hoy  a  I  luuialy  (London}, 
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I  Oil 


(  'mtililnlnit  I  In  'Mi  >  wllh  Ki|.  ii  .h  hIvi'h 


where  k,"j  In  Miiltkil llttlitil  Im*  pj’j  /  j  (n(0/ V)HT.J 

Those  H«f|nlllriiin,  logoi  her  wllh  use  of  IIihhiII'h  Iiiw  mill  lln<  mnli'i'liil  lull- 
imcn  requirements,  fi'Miill  In  Ihe  value  nl  U'j  defined  Im1  llq,  !l.M7  In  Im»  given  hy 


.  Kj  i-o  (IU7II) 

Tho  vh Inn*  nf  Xi,  urn  given  by  tho  Individual  ronoflons  In  Table  11.13, 

At  tho  tompornturo  of  tho  unit  rnoll Inn  point  l.o,,  nt  tho  end  of  first  period 
of  oomlnnBlItlon,  thn  glides  that  determine  Ihe  total  prosaure  mi-m  tho  nllrogon 
and  oxypn  of  tho  nlr.  The  pnrttnl  pro* ■urns  of  nil  thn  other  mntorlnls  nro  rol- 
atlvoly  amnll,  In  thtMtindn!  aurJnuo  burst,  relatively  large  amount*  of  soil  nro 
uonaldorod  to  bo  vnpor I nod  bo  Hint  tho  vapor  products  of  AI,oYI  Nn,o,  ntul 
nrjt  Introduced  Into  tho  fireball.  The  Ala(\,_wjth  u  boiling  point  of  about 
npiUfK  (in  l  ntmosphoro  of  oxygen)  oould  itnrt  vnpor-cjondonslng  nt  thin,  nr 
lower •  (ompernturo  Into  liquid  drop*,  In  doing  bo  Iho  AlsO;,  would  en-oondenao 
Bonio  of  tho  loss  volntlleflssliin  product*  which  could  not  vnpor -COlHleniP 
othorwlsn  bnonuee  tholr  Indlvltlunl  vnpor  pressure  would  bo  lower  thnn  Mint 
onrcuintml  from  thoxiiun  of  Tnbio  a.  la.  Tito*©  amnll  vnpor -obndoiWoiT  Af jjT)|j 
drop*  mny  *olldlfy,  when  they  cool  to  nlxiut  ZHOOK,  or  they  may  on  mb  I  no  with 
tho  810 1  liquid  drop*,  that  nro  forming  id  about  thin  lompornturn,  to  farm 
nlumlno-Blilontfl  liquid  dropa, 

Alio,  ht  those  lower  temperatures,  larger  Noll  particles  entering  the 
fireball  can  oxlil  in  the  liquid  stalo  and  would  dlavolvi  nny  of  those  amnll 
pnrUqloa  they  collide  with,  In  n  very  abort  time  tha  majority  of  (hose  amnll 
partlclaa  dlaappsar.  In  the  meantime,  the  more  volntllo  flaalon-produot 
olementa  are  condensing  into  nil  tho  liquid  pnrlioles  present  nwiordtng  to  their 
vnpor  prasauro  equilibria  with  the  liquid  phnae, 

If  one  In  Interestod  In  tho  equilibria  omul  I  Ilona  nl  the  higher  temperature* 
when  the  partial  pressures  from  the  soil  oonatltnonta  are  high,  then  these 
constituents  must  !>o  considered  mid  ndtlod  to  tho  pnrllnl  prodsures  or  Nt,  Ov, 
mid  poaelbly  o.  However,  If  II  I*  assumed  Hint  no  particles  loavo  tho  flrobnll 
before  the. mid  of  the  flr*l  period  of  condonation,  then  II  ..suffice!  lo  compute 
thn  fraction*  of  ouch  rndloolemonl  oomlonaod  nl  Hint  Inatnnt.  Al  thin  time  or 
temperature  even  Ihe  pnrllnl  pressure  of  (he  NngO  (or  Nn)  enn  he  neglneled. 
This  assumption  wns  fallowed  In  Ihe  foregoing  compulation*. 


Tlii>  wulghli'il  vn Inch  of  the  HiiouII'm  Iiiu  imiiihIhhI h,  nr  vupor  proMHurun,  of 
nil  I  hi  ■  rlf'ini'iilH  nf  lull'  ri'Mf  ill  KI7.TK  urn  Hiiiniiiiii  I/.imI  In  Table  •! .  I  <1 :  nn  oxygen 
|i i  i'Hhii in  u|'  ii, U  iilit|tiH|>lir i  t.1  sviiH  iiHiJil  In  llio  i'll U'ulhl Inn .  Tlio  two  nun  hiih  eio 
mmil.M  have  hni>!i  UHMtgiiod  Infinity  values  boonuM*1  H  Ih  expected  tlinl  the  fractious 
nf  Ilium1  I'lumnrilH  oondpnNtug  hi  llio  melUm  glass  wniild  he  negligible,  The  other 
uleiiii'itlH  Hint,  lire  Imlleiiled  nn  mil  fully.  eondcuNod  In  the  Ideal  Holuthm  lire  (le, 
Ah,  He,  Hr,  III),  Mo,  Hu,  till,  Si,  To,  I,  and  Us, 


If  ill}  ciirrlur  material  wore  present  in  the  firulmll  with  the  fission  priHtuut 
elements  nnd  If  nil  were  In  the  vupor  slulu  lit  I (17 :i"K ,  (hut r  partial  preaaurua 
could  he  uHtlinnted  from  mho  of  die  perfect  gnu  law  using  the  calculated  volume 
of  the  model  mirfnee  burnt  firulmll  nnd  the  yield  factor  of  li.fi  molon  of  flaalon 
product#  per  KT>  The  calculated  purl  In  I  preaanrcM  for  u  PI-  MT,  yield  tiurfnoo 
burnt  firulmll  lire  shown  In  table  it.  1*1  for  aonio  of  the  more  nbuiblanl  Waaltm 
produel  olumenlH,  The  ntom  pure  cut  abundance#  were  taken  from  the  tabulations 
of  Holloa  nnd  Hnllout"  ,  Of  all  the  ulonionla  Haled,  only  Hr,  Ui,  nnd  Zr  Would 
have  ooiulenacd  to  a  aolfd  ■late  at  the  Indlonted  tmupurature  mid  time.'' 

—  fn  ardor  lo  toat  the  effect  of  weapon  yield  on  the  f  caution#  of  each  flaalon 
product  nuelldo  oontlonsod  In  the  Ideal  solution  aa  previously  atnlod,  uud> period 
times  of  ii  nnd  no  seconds  were  aeleeiedi  lhe«e  aoiTe«|iond  to  yield#  of  nbont  8*1 
i(nd  1*1,000  KT,  respectively,  The  r„  (A)  oaloulntlona  wore  mndo  by  roni'rangliiR 
l«q,  n,40  for  the  Independent  nuelklc  yields  In  terms  of  10,(  fissions  so  that  the 
data  of  Holies  and  IJnllou,1"  could  be  used  without  oonvurtilhn  to  fraction#  of  the 
oho  In  yield.  The  chain  yield#  derived  from  tllmidonln's nifietiilnlc  were  unod . 

The  calculation#  wore  mndo  from  the  chain  nummnlloiiB  neuxmlhig  lo 


r  (A  t>  „  ^Nl<A'l>/<1  +JP 

ij,  n,  (A,n 


<tl.I77> 


wliure  N,  (A ,1 )  la  thu  number  of  nloma  of  ulumcnl,  J,  of  mnas  number.  A,  pur  10'* 
fission#  present  at  time,  t,  nflor  flaalon,  The  vuleus  of  (h(f)/V)HT,  from  Ufu 
diila  of  Tublu  il.ilil  are  ii.H'IkIO'"  ntmoaphoru  for  the  8»I-KT  yield  nnd  !I40kIO~11 
atmoaphoro  for  the  H-  MT  yield.  Tho  enlotdnled  valuen  of  r„  (A)  Tor  unuh  nu- 
ulldu  contributing  to  the  gross  nollvlly  til  *11), 8  minute#  nflor  flaalon  nre  given 
In  Table  !i. Hi,  l(  may  hu  noted  that  (ho  f rnet Iona  of  thu  Hr  nnd  Xu  laolopoH  eon 
denaud  nru  not  suro,  Thin  is  beonuse  it  wna  nauumud  thin  thuau,  na  duuny  pru- 
diiola  of  Ur  nnd  I,  do  not  readily  u aim pu  from  the  gluey  after  It  line  solidified, 


I  nn 


Tiiiiie  a,  i;i 


HUMMAIIY  OK  IIAOII  i.T'H  MW  CONRTANTH  KOH  Til!'!  OAHKUHM  HI'KOIKH 
OK  THIO  I'MHHION  PHOIHIOT  AND  fVI'IHCH  KI.NMKNTK  AT  1(17, Tl< 


KlomeM 

Pjintnios)* 

Element 

|j,n(atmns) 

Cm 

n.04xifl  n 
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Tim  moat  ox  not  method  of  onmputliiH  Urn  amount  of  onoh  rmtlninudldo 
pfoNont  (h ltd  Mm  nativity)  for  n  given  number  of  fiMHlon*  would  ho  In  urn*  tho 
vultin  id'  y ,  <A)/<1  Hij')  for  n«oh  nml  lh»»  approprlule  Moony  fonmilu  for  tho 
produullon  of  tho  daughter  product*.  Hut  to  xlmpllfy  tho  oomputnthm  jioooohm, 
tho  ueluulatlnna  wore  made  by  dlroat  niuUlplIeutlou  of  tho  »•„  (A)  vniuua  mid  tho 
sliigio  nuolldo  M/m  vbIuon  per  10*  fiitMionp  mid  tho  dlMlntogrnllnn  multiplier* 
na  given  In  Tuhlo  11. HI.  Although  thin*  prouodure  give*  hitchor  vnluuH  for  tho 
daughter  produotx  In  onult  oIihIii,  tho  error  doo  roll  mom  with  tlino.  Oomjinrotl 
to  other  powHibio  errors  involved  In  tho  ooinputntlon,  tho  orror  duo  to  thin 
approximation  IN  rather  inalgnificmnt. 

For  example,  at  00  aeaonde  the  Initial  fraction  for  Br-Bl)  im  0.010  which 
increase*,  after  lib- 80  dooaya  out,  to  0,0301),  in  tho  oxnot  method  of  computation 
the  latter  value  la  reached  by  0.0  hour*.  The  rn  (tJO)  value  for  8r-IJ0  la  valid 
from  31.0  minutes  and  the  r„  (140)  value  for  Ha-140  la  unnnUnlly  vnltd  at  00 
seconds.  The  multiplier*  of  Table  3.1(1  ara  from  decay  auhuma  data  available 
up  to  about  1000  an  Indluntod  by  the  rofaranoc*  given  In  tho  table. 
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1,00 

1,40 

1,78 

0,00 

7.17 

XB|  - 131 

0,0 

1,00 

0,0944 

0,207 

0,0278 

x«,-iaam 

0,0 

1,00 

0,0082 

0,413 

0.211 

X*a  - 139 

1,00 

1,00 

0,0810 

0,904 

0.121 

X«|  -133m 

■JbH 

1,00 

0,487  - 

2,00 

2,07 

Xeu  - 196 

mmm 

1,00 

0,284 

1,88 

1,21 

Xe-138 

1.00 

1.00 

1,8 

7,80 

0,00 

Oh- 137 

1,00 

0,0 

0,0 

0,0 

0,0 

ns-ina 

1:00 

1.7) 

2,13 

11.2 

8,47 

Oa-lUl) 

1,00 

2,00 

_  0,787 

4,78 

3.72 

Ba-lDOm 

0,0 

1,00 

0,007 

9,08 

2,83 

Hu-1117 

1,00 

0.37 

0.141) 

0,888 

0,000 

llfl-140 

1,00 

1,14 

0,183 

1,10 

0,84(1 

Bn- 141 

1,00 

1,00 

0,7 

4,22 

3,28 

Bn- 142 

1,00 

1,00 

1,0 

B,7(i 

4,44 

I'M 
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Table  !li  HI  (onnuludotl) 


Nuclide 

Reins 
(Bo  in# 
/(Hi) 

Photon* 

(Photon# 

/dll) 

Photon 

Energy 

(M#v/rili) 

Air  loninntlnn 

/lb'*  r/hr-ft“\ 

V  ril#/#ec  / 

Meter  Reiponae 

\  dl#/#eo  / 

fkl-lBO 

Li  00 

0,338 

0,0731 

0,430 

0,338 

Tb-lfll 

1,00 

0,50 

0,133 

0.0B70 

WWM 

1,00 

3,77 

0,300 

1,13 

0,808 

EB" 

1,00 

0,0641 

0,388 

0.3  in 

11-340 

1.00 

0,0 

0,0 

0,0 

0,0 

Np-239 

1,00 

3,07 

U1 

0,700 

Np-840 

1. 00 

. 

0.48 

3,07 

1,00 

Mn-50 

1,00 

1.47 

1.70 

B.40 

7,17  - 

ii 


«;  n*f«ronnp§i  (1)  c,  F,  Millar,  Raanonie  Curve#  for  USNRDL  4-pi 
lord  Ration  dmmbar,  USNRDJ>TR-lBfi  (1057) 

(8)  0.  F,  MlllirtPropoaad  Rfoay  Sebum##  for  Soma 
FlMlon-Prodtmt  and  Oth# r  Radlonuollda#,  USNRDL- 
TR*lflfl(ll»57) 

(3)  C,  Fi  Millar  and  P,  Loab  (Raf,  13)  X 

(4)  P.  o,  La  Rlvlare,  prlvnie  dnmmiinlantlon,  (July  1060)  'i 
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in  making  the  duoay  rule  iiqinputatlalis,  the  data  of  Wul Iuh  mul  Bullou  111 
based  an  CUendonln's  postulate  of  Independent  yields  for  the  slow  neutron  t'ls- 
slon  of  U-23S  were  used  as  fhu  basic  Input  data,  As  discussed  tn  lection  a, 4, 

U  is  assumed  that  the  fractional  chain  yields  are  the  same  for  nil  fissile  mi¬ 
ni  Ides  ao  that  the  disintegration  rata  per  fission  of  a  given  nuclide  from  each 
type  of  fission  differs  only  by  a  constant.  This  constant  is  the  ratio  of  the  mass 
chain  yield  in  a  given  type  of  fission  to  the  mass  chain  yield  In  the  slow  neutron 
fission  of  4?" 838,  this  constant  is  hsre  called  the  chain-yield  multiplier, 

Where  the  decay  Bahamas  of  fission  products  are  known,  gamma  ray 
characteristics  can  be  calculated.  In  this  case  it  is  convenient  to  give  multi¬ 
pliers  in  terms  of  die  characteristic  emissions  par  disintegration  of  oaah  nu¬ 
clide.  the  multipliers  for  the  gamma  ray  energy  emitted,  in  term*  of  Mev/dis 
and  r/hr  at  3  feet  above  «n  ideal  plane  par  dli/ieo  per  eq  ft.,  given  in  Table 
8,16,  am  nnas  of  chief  interact  for  use  in  those  calculations, 


The  re  suite  of  the  computations  of  the  disintegration  rates,  photon  emis¬ 
sion  rates,  photon  energy  emission  rates,  end  air  ionisation  rates,  for  times 
extending  from  48,8  minutes  to  85.7  years  after  fission  for  the  fissile  nuclides 
U-338,  U-238,  and  Fu»aafl,  are  given  in  Table  3,17,  The  uee  of  Kate  off's 
yields11  (adjusted)  for  thermal  fission  give  disintegration  rates  that  are  almost 
identical  with  those  of  Balls*  and  Ballou,  The  air  Ionite tion  rate  (U-23R,  ther¬ 
mal)  ie  also  very  close  to  that  of  Reference  19i  at  8,4  hours,  It  is  about  8  per¬ 
cent  higher  sod  at  8,6  ynfi  It  1§  stout  IS  percent  lower  (;r,s^i:r.urr,  fluctuation). 

...  •  ....  ,  If.  .  ...  . 

Dolan13' H  calculated  the  disintegration  ratea  and  photon  emission  rata* 
for  14-Mev  neutron  fission  of  U-338,  The  ratio*  of  Lite  oaloulntions  for  8  Mev 
neutron  fission  of  U«B8i  in  Tibia  3,17  to  Dolan's  values  for  H-Msv  neutron* 
are  given  in  Figure  3,4,  It  mar  be  noted  that  the  disintegration  rates  are  with¬ 
in  8  percent  of  each  other  from  1  to  about  880  hours i  the  agreement  in  the  pho¬ 
ton  emission  rites  is  not  quit*  as  good,  with  Dolan's  vsluss  being  more  than  10 
peraent  lower  after  40  hours,  The  maximum  apreid  in  78  peroent  at  (78  hours) 
to  -12  percent  at  (3,900  hours)  for  the  dlsintegratioai-ftfir- second  computations, 
•nd  +8  perosnt  at  <7.5  hours)  to  - 17  peroent  at  (1,300  hours)  for  the  photons- 
per-seoond  computations,  A  few  more  photons  were  counted  in  the  method  by 
which  the  data  in  Table  8,17  were  obtained  than  by  the  method  used  by  Dolam 
these  photons  were  chiefly  in  the  energy  range  0  to  20  Kev, 
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DECAY  OF  NORMAL  FISNION  WtODlJCTH  FROM  11-235,  11-238  AND  Pr-889 
1.  In  for  10*  fltwlon  (CUondenln) 


u-ann 

u-a:iH 

PiNl 

89 

Yeara 

Day* 

Hours 

Thermal 

Fiaaion  | 

(8  Mev) 

Thermal 

FI  salon 

0.703 

1,018  1 

1,015  i 

1,098 

1,568 

1.530 

1,19 

1,079  ! 

1,076  1 

1,048 

1,608 

1.001 

1,84 

0,8800  1 

0,6933 

0,6578 

o.oana 

0.6269 

9,40 

0,4361  | 

0,4454 

0.4152 

0,3867 

0,8036 

3,59 

0,981.8 

0J008 

0.9091 

0,2473 

0.2568 

5,18 

0,1847  ! 

0,1016 

0.1780 

0,1640 

0,1734 

7,58 

9,1335 

0,1271 

o.iiDo 

0.1117 

0,1180 

11,1 

-  <1)8171 

(1)8303 

(1)8000 

(1)7601 

(1)8036 

18,9 

(1)5980 

(1)5373 

(1)5801 

(1)5107 

(1)5243 

93,8 

(1)3311 

(1)8841 

(1)8291 

<1)8304 

(1)3318 

1,45 

34,8, 

(1)9037 

(1)2042 

(1)2049 

<1)2099 

(1)9069 

2.13 

01,1. 

(1)1993 

(1)1219 

(1)1950 

(1)1207 

(1)1200 

3,12 

74,0 

(2)7417 

(2)7881 

(9)7698 

(9)8082 

(9)7751 

4,57 

109,7 

(9)4787 

(2)4778 

(9)4678 

(2)5905 

(2)4989 

8,70 

181 

(2)8239 

(2)8986 

(9)3898 

<9)3448 

(9)8290 

8,62 

238 

(9)2227 

(9)2928 

(2)2947 

(2)9318 

(9)2196 

14,4 

348,7 

(2)1528 

(2)1502 

(2)1501 

(8)1548 

(9)1438 

21.  i 

■  MM 

cnm 

(9)1095. 

(2)1601 

(8)1009 

(8)1086 

(3)9885 

30,9 

749 

(2)8823 

(8)6603 

(8)8669 

(8)8910 

(8)0885 

45,3 

1,097 

(3)44  58 

(3)4277 

(8)4885 

(8)4544 

(8)4191 

88.4 

1,904 

(8)0878 

(8)9743 

(3)2814 

(8)2981 

(8)2788 

07,3 

9,335 

(5)1885 

<8)1784 

(8)1710 

(8)1928 

(8)1780 

— 

148  - 

3,430 

(3)1117 

(3)1088 

(3)1062 

(8)1170 

(8)1080 

208 

4,990 

<4)6162 

(4)6078 

(4)5988 

(4)7188 

(4)8507 

- - — 

301 

7,990 

(4)3199 

(4)8174 

(4)8140 

(4)4175 

(4)8799 

1,8 

438 

10,590 

(4)1878 

(4)1866 

(4)1710 

(4)2508 

■  mj 

1,78 

850 

15,800 

(5)9854 

(8)9768 

(4)1028 

(4)1858 

|8k  fff  || 

a,«o 

940 

93,780 

<8)8010 

(5)5978 

(5)8288 

(5)8955 

mu 

8,60 

1387 

35,300 

(5)3715 

(8)8789 

(5)8740 

(5)4817 

(5)4400 

5.51 

3037 

(5)2470 

(b)3588 

(5)2889 

(5)2882 

(5)9479 

fi.ia 

(5)1015 

(5)1987 

(5)1731 

(5)1449 

(5)1880 

18,0 

(6)1689 

(5)1323 

(5)1086 

(5)1833 

17.0 

(5)1160 

(5)1901 

(5)1027 

(6)7922 

(6)9719 

211,7 

; 

IHiiUI 

(6)0624 

(6)7814 

<6)6061 

(6)7465 

Tflblo  {1,17  (t'oiUlmiorl) 

2,  In  botna/Wr  for  10*  flHHinnn  (CUonrinnin) 


AU® 

il'nnuM 

m/iu  (* 

tl-2110 

n-afiH 

Pu-ii 

(10 

Year* 

Diiy* 

Thermnl 

Fission 

(8  Mev) 

Thermnl 

Fission 

0.708 

1,844 

1,343 

.1,087 

1  482 

1 ,400 

1,12 

1.000 

1,018 

0,08111 

0,0432 

0,0308 

1.04 

0,0388 

0.0444 

0,0070 

0,8724 

0,5707 

8,40 

0,8888. 

0,4001 

r  0,3708 

0,3487 

0,3542 

8.82 

0,3847 

0,3037  1 

0,2402 

0,9170 

0,2272 

0,10 

0,1088 

0,1782 

0.1B71 

0,1420 

0,1516 

. 

7,80 

1 

;  0,1088 

0.1130 

0,1042 

(1)9580 

0,1025 

11.1 

1  (117130 

|  (1)7877 

<1)0032 

(1)0018 

(1)0802 

16,2 

;  (1)4381 

|  (1)4080 

(1)4400 

(1)4340 

(1)4484  . 

- 

88,8 

(1)3880 

;  (1)9009 

(1)2300 

(1)2840 

<1)2809 

1.46 

84,8 

(1)1781 

:  (1)1097 

(1)1804 

(1)1881 

(1)1808 

3.18 

81,1 

(1)1003 

(1)1008 

(1)1188 

(1)1100 

(1)1130 

8,19 

74,0 

(2)0897  i:' 

(8)7117 

(2)6847 

(2)7480 

(2)7160 

4.07 

(2)4033 

(3)4308' 

(2)4008 

(2)4911 

(2)4700 

6,70 

(2)0102 

(2)8190 

(2)9100 

(2)3063 

(2)8128 

.  ..  _ 

0,82 

(3)2143 

(3)2138 

(2)81.81 

(9)2180 

(2)2070 

14.4 

(2)1400 

(2)1400 

(2)1404 

(2)1440 

(2)1300 

' 

21.1 

'  •  : 

(3)9707 

: 

(3)0701 

(319310 

(3)94  84 

fAMMftfl 

5  ’  r .  1 

30.0 

1  ! 
!",  '  - 

(3)0373 

(3)0300 

(3)0009 

<8)0108 

(3)8740 

48.8 

(9)43  08 

(11)4083 

(0)0882 

(3)9009 

(8)8694 

60,4 

(9)3632 

(9)2008 

(0)2480 

(8)9580 

(9)2390 

07.8 

(3)1007 

(3)3  0M 

(0)1881 

(9)1690 

(3)137B 

148 

(9)1088 

(8)1020 

(4)0610 

(8)1075 

(4)6B00 

808 

(4)8010 

(4)8900 

(4)5087 

(4)0780 

■!  (4)0107 

101 

(4)8118 

(4)3110 

(4)8088 

(4)4070 

(4)9010 

1,8 

438 

(4)1030 

(4)1020 

(4)1880 

(4)2409 

(4)0140 

1,78 

080 

(8)0842 

(8)9488 

(0)0023 

'  (4)1011 

(4)1807 

8,00 

(8)  3708 

(0)0080 

(5)8981 

(5)8000 

(5)7008 

8,80 

(3)5410 

<5)3442 

(5)0444 

(0)4304 

(5)7005 

8,58 

(8)3194 

(5)3287 

(5)2080 

(5)0000 

(5)2131  | 

J 

8,18 

(3)1648 

1  <5)1723 

(5)1480 

(5))21n 

(5)1401 

13,0 

( *i )  1 2  5  5  j 

(5)1343 

(5)1082 

(0)8220 

(0)0010 

17.0 

! 

(0)9021 

(0)1041 

(0)8124 

(0)0002 

(0)737H 

215,7 

_ _ _ J _ 

(0)7130 

(0)7737 

(0)0074 

(0)4412 

(0)84  80  , 
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!).  In  |>luitmm/Hii(  S 0*1  flan  lone  (Cllimrtimlii) 


Ago 


tJ-ai-'!’ 


0-3HH 


TM-unw 


4. 


$>ny» 


ilfllKI'M 


•w.wia 
il  ,3,2 
i 

8.40 

a.iia 

run 


Mn 
a, in 

n  .a  u 

4..n,7 

11,70 

fl.Hfl 

UA 

21,5 

(Hli# 
4B,’B 
•0(1,4 
07,  B 

mn 

boh 

nos 

HOB 

HIM 


i  7,00 

I  ai,a 

;  in, a 

;  SB.R 

j  M,H 

!  ..  am 

i 

74,0 


i 

i 

! 

I 


"I'n I  il i •  !l  17  (,'iitil  Immill 
i  [ihril.i >ti  Mi'v.-  (it',1  Inr  J n"  1 ! hm! «m*i 


1  UUllli 

11-2,‘lH 

3  4i  •  2MH 

i  'riiMi'itnii 

| _ ■  .  ; 

Mum-Ioii  : 

•(H  Mi'v)  , 

7'ihrrm«!| 

3  .Hid 

II,  H  Oil  ! 

3.720 

il  ,'OfUI 

3 ,411113 

j  3,2411 

3  .240  I 

3.3  47  j 

11 ,1»rt4 

3 .4)013 

;  0,770“  1 

0,7770  : 

(1  rnliilt  < 

!W|f| 

11, 011  00 

llrflSW 

j  0,4000  | 

'0,41134  : 

.  0.43711  j 

(1.0H3.H 

•0:5171)0 

0.2',M  ! 

11,2004  : 

11,2070 

11.2113.0,  , 

4),8971) 

j  0,34110 

I 

•0,3020  | 

11,3.000  ; 

•0,3  il  00 

4),  9:279 

|  <(ll)H&4B 

13)0372 

13)7044 

((3)77«fl 

J  [(3)023,2 

•(3)0404  i 

<(3)60041 

13)4401) 

((3)4044 

■■■ 

[(3)0800  ; 

((3)803  3 

j  13-)3  H3  7  J 

13)3000  • 

13)3^44  j 

((J)ilfB3 

43)3.08(1 

|  (aiiiMiM 

((3)31100  j 

,(3)31100 

i(3)3l)(IO 

i(9)ttiim(i 

,(2)00211 


;|  H ))li '  II  1  'i  <rit|H'1 Mill’ll  1 


r.  In  r  fci'  m4  SI  41  «•)**•<•>  u«  JnllMMi*  <■•)«)«•  1«w  j«><-  i«n  ii 


A#i‘  ; 

41  2 

a  u 

4 1  ;p*  | 

l‘.u  2 

an 

Vt'M  <•* 

Jisiyw 

lluum  i 

TllnriTMl!  Id) 

<*  Mi"v ) 

9'llMhn|4t(j) 

6,701 

winim 

<0)9®?® 

(WJHHiSO 

4*1*607  j 

(9)9750 

M2  j 

i(H  34M.ua>1, 

<**ijl7»  1 

4*)ft*4i6  1 

(9)5761 

II  .414  i 

4*)4  1.4® 

4M|4II«M 

40)3937 

on;; 

49)153)7. 

SMO  ! 

(9)J«4&S 

(9*34*4 

'(*)22W  ii 

<*124)70 

<9)3!rtU5 

■a,  52  ' 

<0)141.®  ! 

4*0  4  56 

<S)13®:3  ! 

4*11066 

(W*  1 196 

9. II) 

49)907® 

<»)*<lll« 

4«)7  r.*», 

46)64143 

(9ITA99 

■I  • 

7  Mi 

(MW  ! 

(ID)®®!  4 

(dHM-S®? 

(0)10*6  ■ 

(0)43)9* 

31,1 

,<m**«4 

49)1604 

<9)2697 

41)2555  ” 

(9)3*31 

■  - 

14:1 

DIKIIM4 

4®)0*6» 

40)1703 

(6)  1636 

(0)176! 

ixm  | 

<P©*i»?8i6 

<ff)l®94 

40)3071 

(0)14)10' 

"  (0)0063) 

3  ,i4 -16 

:!M,« 

(llap'lOB 

<101042* 

(1 47)0901. 

(10)6215 

(19)0160 

3,'J;3 

.5  3. '3  ■_ 

(aopiao 

4  86)17.90 

4  00)30*  if 

(8#»)39Wiis 

(00)1*  a  i 

•  1 

■  - 

1,0:2 

74J 

<i«)t#76 

<10)33019 

410)2:36:1 

( 10)2470 

(10)2362 

j 

"  ..  ' 

4, *7 

' 

(10)14*1 

410011X4 

(10)0956 

(140)0645 

(1011146 

_-.il-  ■ 

«,■?« 

. 

UltyWMI 

<10)1031' 

(041)0031 

416)1006  .- 

(0010021 

I 

«.M .. 

<00W?74 

<11)097:2 

(1 0)6*99 

(1 1)7244 

(11)6655 

1 

114,4 

— 

(IIHW 

(11)4462 

<10)46141 

(11)4326 

11,1 

■ 

(OH)*®  16 

odium® 

(0  0)2*49 

(1 1)2913— 

(00)2660 

MJH 

It  **"*-**** 

4M 

1  9  * 

41  0Ui«W*M9 
■  n  n  n  vm 

41  141  #** 

ilia  *  ™  * 

•4  n  *  -)  “  * 

*  iT|  i  WfTTS 

-—  - 

.  >114 

<#i»»wii 

411)003® 

(01)041314 

<11*8092 

(12)9777 

66.4 

- 

<li)*Rtn 

433)9*07 

(01)5006 

(12)61400 

(12)5729 

*7,1 

(Mftltif# 

i  (11)14117 

(02)1556 

(12)1*96 

(12)1541 

041 

<12)25  79 

4it)£m 

(0»)2W76 

(12)3124) 

<12)3309 

.  ■  /  ■ 

•sm 

coup  0914 

<11)1  D«4 

41 '2)1 013 

483)02*7 

(12)11*0 

«ti 

'<14H*N  ' 

411347910 

<01)4711 

(•3)1707 

(13)5)70 

14 

*#»  ; 

Koitmowi 

431)3371 

(01)0529 

411)30319 

<11)0*64 

8,16 

Mm 

itimm 

414)179* 

(04)9517 

404)041*1 

(14)7690 

.  l„«« 

(Hyvni.  - 

41411079 

(04)1466 

414)4664 

(14)4151 

■ 

40410444 

414)0411 

414)2211 

(1 412692 

(14)2194 

Fi  ,59 

40410  014 

404)1  0  1* 

4  Ml  NCI 

40  4)1601 

40 4) 0 299 

<14)1442 

40  5)9971 

(14)1091 

414)0325 

■M® 

1(1)  4  00 'Him 

\ 

3  S.'f* 

40  Was 

it  n 

1  <14)1064 

415)9452 

<o>iiior»j 

/ 

a  t?  .* 

no  liiO'waii'Oi 

4151*210 

415)6161 

l(  R-ily)7«il!r  7 

(1.5)9100 

37,1  . 

41107  Iwa 

j  41517411 

<15)74  all 

415)021® 

( 1 5)760* 

ji  .  Nwiwilnrr  i|in  ipmrM'rtil'U'Wlw  inilltfjiiinn  nmwrtwr  ©4  rr-rwis  imw+h  4c*clm<u»0  «*|  firm  ili#« 

n  wj' 


TIKE  AFTER  FISSION  f HOtiRSi 


The  nlr  Ionisation  rate  curves  from  each  typo  of  fission  imi  of  chief 
Interest',  these  are  com  pa  rod  in  Figures  H .ft  and  ll. (I  In  terms  of  an  nlr 
ionisation  rate  "H"  fsotur,  Tiui  fucitor,  r( ,,  ,  is  the  ratio  of  the  air  ionisation 
rate  from  one  type  of  fission  to  the  rato  from  thermit  I  neutron  fission  of  OllliS, 
Tha  fluctuation  in  the  curves  of  Figures  3.3  and  3,4  reflects  the  relative 
prominence  of  the  important  gamma  omittors  in  each  mixture , 

Tha  deviation  in  r(p  from  the  value  1  is  *  measure  of  the  difference  In  the 
lonlaation  rate  from  that  of  the  U-2I1B  thermal  fission  reference  curve,  The 
order  in  tha  rIp  deviations,  from  lealt  to  moat,  iai 

1,  fiaeion  neutron  fission  of  U-236, 

a,  i?Mev  neutron  ftsston  of  U-aSSi 

3.  fission-neutron  fission  of  Pu»933,  and 

4.  thermal- neutron  fission  of  Pu-883, 

Tha  maximum  relative  davlatlon  for  the  fir  at  three  (combined),  between  1  and 
7000  hours  after  fission,  is  from  *10  percent  at  a. 6  hours  to  +B.5  percent  at 
110  hours.  However,  between  8  and  3  years  after  fiaslon  the  U-838  (fl-Mev 
neutrons)  r(p  value  is  almoal  1,6  and  the  Pu-938  fission  neutrons)  r,„  value  is 
almost  M  because  of  tit#  higher  yield*  for  the  rare  earth  elements  (heavy 
mass  peak)  in  tha  fission  produota  from  the  heavier  fiaaile  nuolldee  and  larger 
neutron  energy. 

The  two  main  factors  that  determine  the  gross  decay  of  the  normal  product 
mixtures  (bolides  the  hnltlivss  and  the  Individual  nuclide-decay  aohematio#) 
are  the  mass  chain  yields  and  the  independent  yields  of  the  isotopes  in  the  chain, 
For  times  after  fission  of  about  1  hour  and  greater,  the  Bolles- Ballou 
calculations show  that  the  difference  in  the  total  disintegration  rates,  based 
on  Present's  yield  theory,  from  those  baaed  on  Olendenln'a  postulate  is 
insignificant,  This  ia  dus  to  the  fact  that,  at  thsse  ttmaa  after  fleiion,  moat  of 
tha  ohaina  Hava  decayed  from  the  short-lived  early  member*  to  the  last  one  or 
two  aottve  members.  Tha  displacement  from  1.00  In  the  curves  of  Figures  3,9, 
3.3,  and  3.4  therefore  are  due  to  differences  In  the  chain  yields.  The  curves 
show  that,  for  times  between  about  1  hour  and  1  year,  the  maximum  error  In 
the  ionisation  ran  by  use  of  (he  data  for  therms!  neutron  fission  of  u-aaB  would 
be  about  IB  percent. 
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Plfuri  3.4 

CROSS  AIR  IONIZATION  RATI  FRACTIONATION  NUMAER,  f)s,  RELATIVE  TO  THE 
IONIZATION  RATE  (In  y»grt3  OP  THE  PISIION  PR^C-JCTS  PROM  THERMAL  NEUTRON 
FISSION  OP  U-23S,  FOR  THE  FISSION  PRODUCT  MIXTURES  FROM  OTHER  FISSILE 
NUCLIDES  AND  NEUTRON  EN&RO'IES 


US 


The  IIU  Innlantion  mien  lit  II  feet  nUivo  tin  inllrilto  h  month  onntiimlniilod 
plane  I  os1  ii  unit  ylold  dlHtrllxitinn  of  flnalon  products  per  unit  nfnn  lire 
HiimmnrlKtMl  in  Tallin  a.  1 H.  Tho  vnlun  In  fur  the  Ihormul  mutmo  flNHhm 

of  U-a:ir,i  (lit*  lowest  In  for  fiNNinn-neulrnn  iihhIdo  of  Pu -staa. 


Table  If,  18 

SUMMARY  OP  1 1+1  IONIZATION  RATK8  OF  NORMAL  FISSION  PRODUCTS* 


Type  of  Fission 

Ul+1  loniaatlon  Rato) 

(unit  yteld/unlt  area) 

(r/hr  nt  1  hr) 
(flas/sn  ft) 

iMMifl 

U-uafl  (thermal) 

U-238  (flan Ion) 

U-238  (8-Mev) 

Mu~il3U  (Utonnel) 

Pu-aai)  (fiaalon) 

7  .60x10"“ 
7-1-58x10"“ 
0.04x10*“ 
0.70x10*“ 
0.84x10*“ 

31)60 

3040 

3010 

3480  — 

3400 

a,  Per  unit  y loid  per  unit  *r»B,  for  ii  fast  above  nn  infinite  ■mnuui 
oonlnmlnatod  plane. 


The  lama  volue,  l.4Bnl08a  flaalona/KT,  waa  uaed  to  convert  all  the  ration 
from  flaalona  to  hllolona.  The  oorriipondlng  loniaatlon  rate  fnulor  tie  rivwl 
from  BN  W  lu  (1240  r/hr  a  1  hr)/ (KT/sq  ml.)  or  ubaut  a  factor  of  ll  lower  thnn- 
Dm  value*  of  Tnhla  0. la,  other  authoi’a'MMV*  have  made  almilar  calculation* 
nml  compnrlaons  of  flume  factor*  and  of  tho  (loony  curve*  for  the  thermal 
neutron  Hanlon  of  U«83B, 

Tho  number  of  photons  per  disintegration  imt|  tho  avcragi)  energy  nf  the 
photon#  for  tho  normal  mixture  of  fl union  product*  from  B-  Mov-  neutron 
Hanlon  of  U-UilH  n rt»  uhown  nn  n  function  of  tlmu  after  ftnnion  In  Figure*  11,7 
and  8.8,  roapcctlvoly. 


1H7 


The  rutin  ut  thu  response  of  wn  AN.'l'UH  HU('iTH)  ruillHn  held  by  n  mini  ill 
(bout  H  feel  above  m  uniform  dlBlrlbullem  of  fission  jjim ndm*t h  mrr  u  | ilium  uri'ii 
tii  thu  ualnu  luted  air  Innluiitinii  rate  l»  hIiiiwii  In  Figure  a.li  iim  h  fuimllun  of  Hum 
after  fission.  Till;'  IliMliMJIllienl.,  fur  the  I  ltd  touted  , espouse,  In  held  by  is  man  ami 
In  calibrated  with  n  I’u-no  aUindard  aouree.'"  Tho  rutin  varies  from  about  7il  to 
77  percsml;  most  of  tlm  reduction  In  thu  tofliaatinn  rate  mwanuml  In  duo  lo 
attenuation  of  the  gamma  rayahy  ilia  person  holding  the  Jnslrumonl  and  by  tho 
batteries  und  other  dunau  Mato  Ha  In  neat1  the  Ion  chamber  of  thu  toslremunt. 

The  only  uaUmales  of  the  loi>il»a.tlon  rule  of  mixed  fission .prpchusia  at. 
early  times  after  fission  available  are  these  for  the  products  of  thermal  neutron 
flaaton  of  U-I48B.  The  data,  and  calculations  of  the  gamma  energy  release, 
from  the ao  fission  products  at  early  times,  alter  f fusion  have  been  summarised 
by  ZUgrnan  and  Maojttn.4M  This  summary  of  the  gamma  ray  nbundanoos  la 
converted  to  tho  ionisation  rates,  photon  energy  emission  rule,  and  average 
photon  energies  given  In  Table  8, lb,  To  adjust  the  lenlaaiten  rale  values 
os  lo  u  Is  ted  from  the  data  of  Eigman  and  Mac  kin  to  those  of  Table  8,17  at  ilfi.B 
minutes,  the  former  war#  toe raised  by  ill, 1  percent!  this  adjustment  provides 
a  smooth  Join  of  the ionisation  rate  decay  curve  from  the  early  to  the  later  times 

_  The  computed  ionisation  rates  for  the  fission  product  etoimmfs  timid  on  Bed 
in  the  liquid  of  the  ideal  soil  when  It  nUdlfiss  at  IdtKfO  tend  of  the  ft, rat.  ported 
of  eonotensitiofi)  for  tiroes  of  tt  seconds  (M4T|  and  W  second*  <14-  MT)  are 
given  to  Table  8  ,BG  for  B-  Mev  neutron  fission  of  U-J*».  At  so  given  are  the  r,„, 
values,  with  respect  to  the  normal  ft  a  sion -product  mixture  from  thermal 
neutron  fission  of  U- BUS,  The  variation  in  figure  II,  10  of  the  oompuiod  values 
•of  r.|lP  with  lime  after  fission  shows  that  the  deptnivtonao  of  the  fractionation  ran 
limbs  of, eenittensfiWusi of  W  neoohda  and  W  seconds  (M-KTand  N-MT, 
respecilivcly)  i«  not  large,  but  that  between  about  1  hours  and  t(<MNl  hours  after 
fission  ii®  mixture  from  tho  tower  yield  la  more  highly  fractionated , 

The  minimum  in  lihe  curve  at  IS  hours  la  duo  to  mailar  deplot, ions  in  Cm  and 
Te,  whereas  the  minimum  at  about  gfld  hours  is  due  to  dnpkiltons  in  f-,1,11  and 
Ha*14t)  -  La- lib,  Thu  maximum  in  the  curve,  it  SHOT  ht/ura,  rusiills  from  the 
high  abundance  of  Er-us  -  Nb-tlB,  and  the  pasha  at  times  longer  than  90,30$ 
hours  are  duo  to  the  high  yields  uf  the  rare  card?  el  amenta  from  It- ails  fission 
products  with  reaped  to  the  IMfffl  fission  products, 

Thu  observed  variation  In  c,|,  With  Itow  after  fission  as  muasurwl  with  a 
ton  mi!  a  rcl  ionisation  chamber,  la  shown  In  Figure  a.li  fw-iho-fallwitlram--e--lew 
townr  shot,.1’"  The  objtemxi  %  value  at  1  hour  after  detonation  la  very  ulnae  to 
the  value  a  computed  for  the  larger  yields  and  with  the  exemption  uf  aomo  details 
In  liie  curve  that  may  lie  due  In  part  to  the  riimprmsn  oharaoterlnticis  of  the  ion 
chamber  and,  in  part,  to  the  typo  of  fission,  the  ealrmlatod  curves  follow  the 
trend  nf  the  observed  curve  rjimc  well. 


Tnliln  a. Ill 

EARLY  TIME  IONIZATION  HATK,  PHOTON  ENERGY  EMISSION  RATE, 
AND  AVERAGE  PHOTON  ENERGY  FOR  FISSION  PRODUCTS  PROM 
THERMAE  NEUTRON  FISSION  OF  11-838 


Tlllilr  fl  '.HI 


l<  1NI/.ATH.1N  II ATI'.  |'l,||  I'lHHION  l'l<< 'IHTTH  niNIH'.NHH)  (  N  (III-  A  I.  Hi  i|  I 
AT  Mail  ('  AT  I!  HKI’liNim  IM  KTT  AND  (III  HW'CNIIH  IN  M'l  l 
ATTI'TI  HHMICiN  HI''  t<  M!l«  (H  M I'. V  NT.HTIU >NM)  ANII  IIATIn 
TO  THAT  T<  H  TUI':  NIHIMM,  MIXTKHK.  TIH  M  I  IKMIi.W 
f.T  li'-illlA  (THI'  IIMA  I,  NI'IUTIMiNH) 


Time  After  Detonation 

1  Ip 

Yoara 

Hay  a 

Houre 

84 -KT 

14 -MT 

84 -KT 

14 -MT 
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(8)990 

0,881 
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0.987 
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0.909 

0.379 
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0.839 

0.8M8 
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(9)16? 
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0.419 

0.4*8 
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0,548 

10,9 
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<10)844 

(10)586 
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.. 

1.48 

'  94,8 

(10)893 

(10)887 

0.819 

0,885 

a.ia 

91.1 
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(10)196 

0,481 

0,80? 

,  a-.ia 
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iiijiD 
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0,494 

0,453 

4.87 

no, 

(11)008 

(11)801 

0.886 

0.808 

8,70 

ioi. 

(11)689 

(11)908 

0,868 

990, 

(11)109 

(11)906 

0.9,10 

0.389 

940, 

<11)110 

(11)181 

0,945 

0,496 

(1I)B9B 

(11)141 

0,908 

6,405 

80.0 

749, 

<19)089 

(11)100 

0,889 

0,951 

1,097, 

(19)466 

(19)070 

0,468 

0,699 

60,4 

1,894. 

(19)1197 

(19)499 

0,680 

0,753 

97,8 

9,888, 

(19)998 

(19)811 

0,798 

0.840 

149. 

9,480, 

(19)168 

(19)900 

0.618 

0,629 

908. 

4,990, 

(19)110 

(13)107 

0.031 

0.806 

901, 

7,910, 

(18)479 

(18)498 

0,983 

0,090 

l.8b 

498. 

10,890, 

(18)170 

(18)190 

1,318 

0.899 

1.7S 

680, 

19,800. 

(14)877 

(141316 

1,406 

0,891 

8.80 

649, 

99,780. 

(14)176 

(14)19* 

1,878 

11,080 

8.80 

1,897, 

88,900, 

<14)188 

<18)599 

0,031 

6,418 

8,88 

9,097, 

48,900, 

(18)875 

(15)994 

0,498 

0,346 

1,18 

9,990, 

71,700, 

(18)998 

(18)161 

0,990 

0,15? 

19,0 

(15)194 

(38)111 

0,900 

0,116 

If  .0 

(18)198 

(10)907 

0,100 

0.067 

88.7 

— 

(10)988 

(16)007 

0,480 

0,085 

«.  rAir  »t  3  ft  Sibovo  an  Infinite  amooth  plane  for  10’  fie* Iona  per  aq  ft, 

b.  Number  In  parenthoala  la  number  of  decimal  polnta  between  decimal 
point  and  I'lrat  digit  (aee  Figure  8.31). 
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|*'o  r  im  T|P  nl'  Mil  iH'H't'iil  nt,  IH  I,  t.lii'  IiiiiIx  ill  Ion  1'nli'  ill  I  hour  per  KT  per 
m(|  ml.  would  be  I  Mil)  for  the  mixture  nl’  I'IhhIoo  pmluctH  I'ondcuiMixl  up  to  tho 
Indicated  llnu'H.  II'  llto  fill  lout  iiIho  ctuiinlncd  neuti’nii-lwhiond  iiotIvltli'H  Hull 
contribute  ill  IH  I,  tho  ratio  would  Im  higher.  Tho  important  llknly  (or  |«mhnIIiI«>> 
Induced  netlvlllos  «ro  those  produced  from  neutron  enpturos  by  U-8IJH  no  wns 
found  hy  1^1  murn1,  Mneddn”,  Frolllng811  nnd  nlno  reported  by  Hlewnrt,  Crooks  nnd 
Fischer"1, 


Tho  nativities  mid  Ionisation  niton  of  tho  possible  product  nuclides,  for  n 
yiold  of  10*  ntomH  ntV.oro  time  nwl  up  to  100  days  Inter,  nro  summarised  In 
T  nbles  !I,2l  to  0 .2d ,  For  tho  oiiho  In  which  the  tnhulntorl  nntl vltlon  arc 
associated  with  tho  activities  from  10*  fissions,  they  nro  equivalent  to  ft  yield 
of  one  product -nucl ldo  for  ouch  fission.  Thus,  for  the  onse  whom  one  of  the 
neutrons  from  each  fission  event  results  In  n  (n,  y)  renotlon  with  l| -808 ,  tho 
ionisation  rate  from  tho  products  u-aau  and  Np-siiifj  nt  im  would  bo  u.filrrxi  iV!" 
r/hr  per  fission  or  nbout  ISO  r/hr  por  KT/sq  ml.  Tho  rntlo  for  tho  gross 
mixture  Is  them  1070  r/hr  nt  1  hour  per  KT/sq  ml, 

If  tho  relative  yield  of  U-837  wns  thnt  found  by  Kimum’,  namely  0,1 5  atom* 
por  fission,  the  Additional  Activity  At  M+l  would  be  0,0080x10""  r/hr  por  fission 
or  about  1  r/hr  per  KT/sq  ml.  A  yield  of  0,15  atoms  per  fission  of  U-840, 
however,  would  give  a  contribution  nt  11+1  of  about  80  r/hr  por  KT/sq  mi.  If 
this  occurred,  the  rntlo  for  the  mixture  would  be  iniio  r/hr  at  1  hour  por  KT/sq 
ml,  Hie  observed  ratio  for  this  mixture  of  radionuclides  in  fallout  particle*  on 
an  open  ronl  terrain  would  be  less  than  this  vnlue,  clue  to  both  tho  Instrument 
response  mentioned  above  and  to  shielding  by  the  roughness  of  the  terrain,  if 
It  Is  assumed  that  the  Instrument  response  to  tiro  final  mixture  is  nbout  tho  same 
as  It  Is  for  tho  normal  mixture  of  fission  products,  then  a  vnlue  of  about  75 
percent  (see  figure  8,0)  would  bo  npproprlnte  for  the  AN/l*fttt-30(TIB)  or 
alitillRr  rndlaa  Instrument,  An  effective  terrain  attenuation  of  75  percent  with 
respect  to  the  Ideal  smooth  plane  would  give  an  observed  value  for  the  ratio  of 
about  780  r/hr  at  l  hour  per  KT/sq  ml, ‘This  is  lower  than  the  value, .1840; 
obtained  from  (he  dntn  of  the  F,NW,  / 

Additional  discussions  of  how  the  condensation  process  may  proceed  nt 
times  longer  than  the  end  of  the  first  period  of  condonsntlon,  and  or  how  the 
radioactive  composition  can  vary  with  particle  sire  nnd  downwind  distance, 
arc  given  In  Chapter  (b 
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ACTIVITY  KIIOM  11-857  MOll  10' 
(1(11-857) 


ATOMS  AT  '/|'!Hn  TIMM" 

I 


Tlmo 

After  FluHlmi 

A 

(•!/«) 

■I. 

(r/hr  n  lo") 

I, 

(r/hr  m  10") 

l\<u 

(r  x  10*) 

mm 

(1)110!)" 

(1)10111)" 

(8)057" 

0 

(1)1101 

(t)l!!!)0 

(2)005 

(8)1100* 

<1)1 178 

(1)1000 

(8)008 

(1)108 

ah 

<1)1 17M 

,f;';  (1)1080 

(2)040 

(1)2(17 

AU 

(1)1 10.0 

(1)1022 

(2)044 

(1)400 

Oh 

(1)1100 

(1)1010 

(2)000 

(1)044 

oh 

(1)1148 

(1)121)1) 

(2)028 

(1)098 

toh 

(l)iiao 

(1)18H0 

(8)080 

0,1185 

19h 

(1)1199 

(1)1878 

(2)010 

0,1458 

lllh 

(1)1114 

(1)1201 

(8)001 

0,188 

lflh 

(1)1100 

(1)1845 

(8)050 

0.810 

2th 

(1)1079 

(1)1810 

(8)807 

0,808 

l,Hd 

(1)1010 

<1)1102 

(2)801 

0,450 

2d 

(2)1)00 

(1)1000 

(2)780 

0,070 

»M 

(8)875 

(2)088 

(3)700 

0,881  ; 

4d 

(8)700 

<2)800 

(2)1158 

1,04(1 

Oil 

(8)040 

(2)784 

(2)018 

1,455 

0(1 

(2)080 

(2)002 

(3)485 

1,740 

10(1 

(8)420 

(2)481 

(3)544 

8,000 

10(1 

(2)804 

(8)887 

(2)800 

8,407 

-  sod 

(8)108 

(2)170 

(2)185 

■hom 

*  aoti 

(0)047 

(0)010 

(11)448 

40(1 

(8)100 

(0)281 

(11)101) 

I 

ontl 

(4)808 

(4)885 

(4)804 

5,180 

ROd 

(0)0211 

■  (5)005 

(0)2111 

5.150 

100(1 

(0)414 

(4)4flH 

(11)5110 

5,158 

ii,  l„  lg,  iiihI  n „<1)  (ii'ti  for  Uio  cIlNlrllmtlun  of  10'*  ultima  por  »c|mhpo  foot  over 
on  Inflnlto  plmui  nl  *oro  time.  I,  In  in  olr  lonlumtlnn  ruloii,  !„  Ih  In 
liiHtnmimU  roupuniio  iinlta, 
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niHTHHUITION  or  KALI, OUT  particlkb 
I(,0|«Ii0WINC1  A  NUCt.VIAR  DETONATION 


4,1  (Hmtmtl  OcserilHion  uf  Thu  I'nl loul  Distribution  Process 
4 , 1 . 1  Thu  Particle  Bun  re  a  Unomutry 

A  very  simple  descriptive  statement  of  the  fallout  prouess  might  lie 
that  no  loud  of  pnrUcloa  is  formed  rapidly  as  the  result  of  nn  explosion  and  that 
thin  tiluuil  la  UuSh  dispersed  by  the  wind  am!  by  the  force  of  gravity  acting  on  the 
particles  to  return  thorn  to  the  mirth,  Most  Investigators  c  unco  mod  with  tho 
distribution  of  in  I  tout  nnumu  that  tho  via  Hilo  volume  occupied  hy  the  nuclear 
oloutl  ami  atom  above  the  point  of  doUiuaUun  within  n  few  minutes  alter  explosion 
-worn  or  It'SB  define*  the  volume  source  of  the  fallout  particles', 

Anderson-,  however,  consider*  a  moving  source  volume  which  might 
he  described  us  the  air  volume  swopt  through  by  the  rising  fireball  nndsUim, 

In  either  case  the  nnurcu  volume*  for  tliw  particles  depend  on  total  yield  and,  If 
other  thnn  surface  datunations  are  considered,  on  the  height  or  depth  of  burst, 
The  yield  dependent  pa  i  n  meter*  which  nre  used  to  define  the  particle  source 
geometry  include  the  cloud  height)  cloud  thickness  ami  rndltis,  and,  occaslonnlly, 
the  item  geometry,  Anderson's  studies  include  cons  Uluru  lion  of  the  time 
dependence  of  these  parameter*, 

tin®  important  additional  factor  that  Is  usually  eoniklercd  Is  the 
disirlhutlon,  or  spatial  concentration,  of  the  particles  in  the volume ,  and  - 
i|tinlllnllvc  eonsiderntlens  have  been  given  to  infernal  circulations  of  the 
-  jnti'Uidibnliy  several  invekligatowi,' 


Tho  fall  trajectory  of  a  particle  depends  on  its  own  properties  and 
on  mctearologlcnl  Factors.  The  various  aspects  of  tlvcagjgetors  have  been  dis¬ 
cussed  by  dehnurt,'1  Ander«una  and  others',  The  major  properties  that  Influence 
a  particle's  lull  rate  through  tlm  utmosphere  are  its  density,  diameter  or  slum, 
and  shape,  The  major  meteorological  factors  arc  the  wind  speed  ami  direction, 
am!  the  all1  density  ami  viscosity. 


Tho  twn  nil*  properties,  of  course,  lire  dependent  on  thu  nit'  pruasuru 
unci  temperature  and  Uuj«u> ,  In  turn,  change  with  altitude,  Tha  wind  speed  mid 
direction  are  also  highly  variable  quantities  since  aaoh  1ms  both  tjpaUnl  nnd  limn 
variation#,  Thu  vertical  mutton#  of  the  air  and  particle-group  dlffuNlon  can 
Influence  the  fall  trajeotary  of  panicle#,  but.  are  initially  not  taken  Into  luioount 
In  the  atudy  of  the  fallout  distribution  prone##, 


4,1,11  Radiological  Fastorfl 

Thu  major  radiological  faotora  In  the  fallout  distribution  prone#* 
are  tha  flaalon  yield  and  the  variation  With  particle  alas  of  the  grail  radio¬ 
activity  carried  by  particle#  of  a  given  atae,  The  ftrat  eiaantially  datermlnas 
the  total  radioactivity  available  for  distribution  on  tha  partloleRj  iho  second 
Involve#  the  distribution  of  that  radioactivity  among  partial#!  of  different  slsss, 

Additional  faotora,  auch  a#  nsutron  induced  radioactivity,  fraction¬ 
ation,  and  the  biological  availability  of  eingle  fission -product  element*,  have  not 
yet  been  incorporated  into  atudts#  of  tha  fallout  distribution  process  in  a 
systematic  way  by  most  inveitigatora  and  fallout  modal  designer b, 

l! _  .  _ 

Tha  original  attempt  to  dascribs  and/or  pradlot  tha  and  result  of  the 
fallout  distribution  process— ths  fallout  pattsm— was  made  by  C,F,  Ksanda  and 
coworkera  In  1053'’,  Ths  original  scaling  method  was  based  on  the  work  of 
Laurino  nnd  Foppoff,whtch  desorlbsd  some  fallout  pattern*  from  Operation  _ 
Jangle  In  1931,  from  Tow  yield  devices,  The  original  Mealing  method  was  intended 
for  predictions  or  sstimatss  of  fallout  patterns  from  yields  posiiblly  as  high  as 
10-KT,  In  19  6R1  the  method  was  expanded  to  inoludi  yields  in  the  megaton 
range,  without  adequate  explicit  experimental  documentation,  Thle  method  was 
subsequently  included  In  ENW,*  frrsomS  studies  of  fallout  effeots  a  soiling 
aystsm  is  to  be  preferred  over  a  complex  mathematical  model,  Thorefora,  a 
soiling  method  for  estimating  fallout  patterns  Is  described  In  Section  4,11. 

■i  <  .  •  '  ’ 


4,3.2  Mathematical  Models 


Mathematical  model#  attempt  to  eitabllsh  quantitative  value#  for  the 
■everal  factor#  mentioned  In  Section  4,1  and  to  compute  the  activity  deposited 
on  the  ground  at  various  locations  usually  with  use  of  electronic  computer#.  Tho 
general  approach  used  and  the  organisations  and  Investigators  involved  in  the 
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development  ft tul  testing,  iif  those  models  lip  to  11)07  In  ilesorlhod  In  some  dot u  1 1 
by  Rollout,1  Trfttor  dovelopmonts  tiuduclo  iho  work  by  Anderson,11, 11  by  I  Huh  nml 
OallniKJ,  by  Cnllnhnn,  et  nt) 1  it  ml  by  Hnpp. ia  to  mention  n  few  of  tho  imtdn  m«  H'iud 
reported  studies,  A  general  comment  on  tho  results  might  bo  Hint  none  of  tho 
model*  agree  with  ouch  other  In  several  details,  and  that  none  of  the  models 
reproduce  very  accurately  all  of  the  few  data  In  the  yield  range  of  i-KT  to 
1 5 -MT  that  arc  experimentally  available 

The  exact  unuso*  of  tho  difference*  among  the  various  model*  are 
difficult  to  Isolate  for  rvt  least  two  reason*!  1 ,  Booh  model  In  different  from 
any  other  In  several  of  It*  assumption*  about  parameter  values  or  In  its  manner 
of  handling  the  many  variables  mathematically,  8.  The  reports  describing  the 
models  generally  do  not  Include  sufficient  detailed  Information  regarding  tho 
minor  assumptions  and  the  methods  tiled  In  making  tho  computations,  If  tho 
input  data  in  the  mathematical  models  were  all  more  reliably  established 
experimentally,  many  of  the  differences  among  thorn  would  disappear.  Whether 
better  agreement  with  observations  resulted  would  still  have  to  be  established 

Nonetheless,  many  of  the  features  of  the  mathematical  models  are 
used  lit  Section  4,5  which  describee  the  derivation  of  a  simplify  sealing  method 
A  few  of  the  parameter  values  ussd  in  several  of  the  mathematical  models  are 
discussed  there  to  bettor  describe  the  over-all  prooese  of  fallout  distribution  as 
It  might  take  plaae.  in  Chapter  6  some  general  concepts  are  described  that 
oould  he  utilised  to  derive  a  more  refined  mathematical  model  of  fallout  than  is 
presently  available.  Some  possible  Improvements  in  the  treatment  of  the 
problem  are  also  touched  upon  in  this  ohapter,  , 

In  most  mathematical  models,  after  selecting  the  values  of  the 
source  geometry,  trajectory,  and  radiological  factors,  the  computation  is 
carried  out  by  dividing  the  aouroe  geometry  for  each  of  several  particle  stao 
ranges  Into  horizontal  discs  of  finite  thickness,  The  location  on  the  ground 
whore  these  "particle  discs11  land,  under  the  influence  of  the  aeairibed  meteoro¬ 
logical  condition!,  is  then  calculated.  All  the  activity  it  each  of  a  series  of 
coordinate  points  is  then  summed,  aooording  to  the  number  of  different  discs 
that  land  at  the  point  and  the  amount  of  activity  assigned11**)  each  disc . 

V  So  short  a  summary  of  the  work  on  the  mathematical  models  should 
not  be  interpreted  to  mein  that  the  efforts  in  the  development  of  the  mathematic 
eal  models  have  been  small  and  unfruitful ,  Qn  the  contrary,  muoh  has  been 
learned  about  thy  fallout  process  through  them,  and  most  of  the  concepts  employed 
by  many  of  the  mathematical  model  developments  are  covered  in  the  remainder 
of  this  chapter,  Hut  to  describe  all  the  work  and  all  the  details  of  each  model 
currently  In  use  1s  not  considered  to  be  within  the  scope  of  this  discussion, 
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4 .a, l  CUwgrnl  pPHcn'Intion  of  the  Bcnilitui  Method 

The  fallout  acnllng  system  described  hero  wns  dovoloped  I'nr 
estimating  standard  Intensities,  potential  exposure  doses,  nncl  other  rndlologlonl 
quantities  by  use  of  both  manunl  and  machine  computational  techniques,  The 
system  Is  based  on  cor  roc  loti  experimental  data, on  empirical  relationship# 
among  the  geometrical  arrangement  of  the  oloud  am!  atom  n»  tho  source  of 
fallout  partlolei,  and  on  several  of  the  observed, feature*  of  the  fallout  pattern 
of  radiation  intensities  on  the  ground,  In  the  eyatem,  the  oloud  ami  atom 
dimonBloha  nre  fli-yltKeri  ns  atmple  solid  geometric  configurations  to  facilitate 
the  use  of  algebraic  relationship*  among  the  model  parameter*  ami  the  depend" 
cnee  of  the  parumater  value*  on  weapon  yield. 

In  making  estimate*  of  the  haiard*  from  fallout,  for  the  purpose  of 
emabhtihlng  tho  nature  and  required  degree  of  protection  against  these  ha  sards, 
two  major  quantities  requiring  evaluation  are  (1)  the  exposure  doso  levels  that 
can  result  sit  different  distances  from  th#  detonation,  find  (Q)  the  land  surface 
area  In  which  the  exposure  dose  Is  greater  than  a  elated  amount.  To  make  those 
evaluations  require!  estimates  of  the  amount  of  fallout  that  deposit*  at  various 
locations,  the  lime  at  which  the  fallouHirrtvoe,  and  the  rate  of  its  arrival. 

Such  general  evaluations  of  hasard  levels,  and  of  the  protection 
requirements  for  radiological  counter  measures  In  defenee  planning,  must  first 
consider  tho  possible  levels  of  effect  (or  hnaard)  and,  In  a  generalist!  manner, 
the  feasibility  of  methods  for  protecting  against  these  levels  of  possible  hnsard, 
For  these  purposes  a  rather  simplified  fallout  scaling  system  can  serve  because 
no  precise  or  aoourate  prediction  of  fattoui  under  specified  detonation  and  wind 
conditions  ts  possible  eVen  with  the  most  complicated  fallout  module  at  their 
present  stage  of  development,  Therefore  in  the  following  dlsoueelon  the 
presentation  is  limited  to  the  description  of  a  simplified  verelon  of  the  fallout 
dlatr (button  process. - 

The  mnthomiutonl  derivations  of  the  simplified  fttllout  son  I  lug  system 
attempt  to  dnplat  the  fall  of  psrtlolss  of  different  slue-groups  from  n  volume 
source  In  the  niri  tho  boundaries  of  that  source  are  assumed  to  depend  only  on 
weapon  yield.  The  problem  is  ip  describe  mathematically  the  dependence  of  the 
fallout  pattern  fen  lures,  In  space  and  timer  on  (a)  tho  oloud  and  stem  geometry, 
(b)  the  particle  fall  velocities,  (o)  the  wind  velocity,  (d)  the  rndlonctivtty- 
pnrtiale  sir, o  distributions,  and  let  the  weapon  yield. 


Thi*  geometrical  I’lMifiKimitlnn  of  flic  cloud  In  tnlicit  to  In*  on  nlilato 
Nphorolfi,  nrol  the  configuration  of  (.he  stem  ns  the*  frunlum  of  im  exponential  cor,!' 
nr  horn  whiwn  larger  base  In  approximately  adjacent  In  (ho  ItnUom  nf  the 
spheroid.  The  trill  nf  pnrllclce  from  eiicli  of  these  source  volumes  In  considered 
aepn  rnli'lv 


4  .n.a  PnrtloloH  Knlllng  from  dll  Hill  Altitudes 


The  descriptive  oquitUnnA  for  fnl lout  from  cloud  altitudes  nre  based 
on  the  following  promlsosi 


l,  The  cloud  souroo  of  the  particles  (at  about  H+fl  minutes 
to  H+B  minute*  After  detonation)  line  the  ulinpo  of  an  obi n to 
spheroid  where  b  In  the  major  axis  (parallel  to  the  earth's 
surface)  and  £  I** the  minor  nxi», 

3,  The  particles  of  a  given  glHB-pars  meter,  a,  fell  with  a 
constant  terminal  velocity  vector,  v(,  from  their  poeltlon 
l lithe  cloud  to  the  around, 


a,  Tlio  wind  velocity,  vw,  le  constant  with  time  and  space 
through  nil  allUudos  from  the  ground  to  the  top  of  the 

cloud, 

1.  The  Initial  distribution  of  the  particles  of  each  miro- 
PArameter  Inside  the  cloud  Is  uniform, 


..  a,  The  frsntionnl  distribution  of  the  total  activity  on  each 
particle  group  can  be  determined  from  fallout  pattern 
data  as  a  fanctlon  of  that  group's  fall  velocity  parameter, 


Thu  outer  dimanslons  of  the  cloud,  according  to  the  first  premise, 
nr®  defined  by  s  .  v, 


X*  +  y"  s" 

*  +  “b» 


■14.1) 


where  the  origin  of  the  x,  y,  k  coordinate  system  is  dlrcotly  over  ground  aero 
at  the  altitude,  li,  nt  the  center  of  the  cloud, 


a  07 


A  |ini'l  Icli'  ii  i“  In  lint  Unit  nl  Ilio  poinl  s,  y,  r,  in  t  hi'  I'lniul  ninvon  n  l  hum,  i> 
Sinn  nl'  Mlfi|ii>,  u, /vw,  mill  IiiiiiIh  on  Ilio  t4 ihkiihI  ill  Min  downwind  dlHliiltoo,  X, 
by 

X  *  (V  (h  |  v*i )  I  H  (4,11) 

whore  iv  in  equal  to  Vvu/vi  (vw  Is  ItKlopeiitloul  of  vi ). 

Thu  mimhni‘  of  pnrllnloH  with  n  .ml vim  vnliio  of  o  flint  full  nl  Urn 
downwind  rilHlnnoo,  X,  from  gmiml  Horn,  for  n  uniform  dlnlrllnitlon  In  lho  oloiiil, 
ni’o  proportional  to  tho  kmnlli  of  I, ho  lino  Hivon  by  ISq.  d.U  oonliilnntl  within  tho 
ulood.  Tho  lolnl  number  of  puolloloH  hrivlun  HlHu-pnrninolur  o  in  nn  n,v  I »Af u , 
whom  n „  Ih  the  numbor  per  mill  vnlmiui,  l,  i«  tliu  loiiRth  nlptis  tho  lino  of  full  in 
llio  olmifi,  mnl  Afaln  tho  oi'oflH-nciotlrmnl  nron  nlonii  tlw  linn. 

Tho  n ron  on  tho  on rlli 'b  mirfnuu  Inluioepluil  by  AP 11  Is  Af AX 
'(Af  tn  y  dlruotloii)  mivlt  Mini 

AX  -  v/(TTi?r>  Af  (d ,l>) 

The  nnmbor  of  pnrlloioM  por  null  nrun  nl  X  In  thon 


'  ’ »  — -  --  \  '  r 

y'l  I*  IV® 

SlnUlnrly,  A„  in  the  activity  per  unit  voluino  of  ulmid  unruled  by  thu 
pnrtlulun  hiiving  llio  liworne  fall  volouily,  or  slriiv  pnrnipulur,  iv.  Thu  nmminl  of 
nutlvlly  por  mill  nrun  nl  X  uiminlnod  In  tho  grnnn  In 


A,(«)  *  —r 


whore  A„(rv)  I*  ilio  nutlvlly  por  unit  (iron  on  (lie  utoiiihI  nl  tho  d Ini  111100,  X,  Unit  Ih 
onrrlsd  by  thu  pnriitilun  linvlnu  U10  Blnu-unrnnuHor  tv, 

Thu  vnluo  of  I.  in  tlelormlnml  from  Ihu  two  InloreopU  uf  Lho  lino 


Hivon  by  Kip  »|,a  with  lho  nphwrolii  ilomiriboii 


I.®  Av^  1  Ax" 


om  lho  two  ini 
I  iiy  ffiq,  <i,l  hj 


I  by  il  Hii  of 


HoIvIhh  Itq.  4,fl  for  Ah  mill  An  Hivon 

g  ‘In3 1)3  ( I  +.  O' u)  ( («u  -l-  n 


>/(  I  ■  iX  irli)'  j 


(il  3  11111  I  >■'  )  ’ 


Tho  activity  per  mill  urea  on  I  lie  gmuml,  A,  (n),  In  limn 


A.(n 


ah  I  o  S'ha  H 

. . . (l,u'T 


-  y 


rm 


(X  -  oh) 


"ill 


o  u  llU  ) 


(4.8) 


Thti  activity  onnlnurn  on  thn  ground  surface  for  a  given  value  of  o 
therefore  urn  nl I Ipnoni  Hq,  4, h,  In  ntundard  elliptical  form,  la 


(X  ■ii'li)11 


y 


,  Aj](<i  )(«“  4  e“  b“) 

;  A»(ci)(n“  4  ei  V) 

4Aa  fl“bu 

4Aj«al)“ 

(aM  I'  o  u  b*  I 


Tho  centers  of  tho  ellipse  arc  at  X  equal  to  oh  tinrl  at  y  equal  to  0. 


*  1 


<4.»> 


Tho  total  activity  por  unit  nren  doponlted  nt  thn  location  X,  y  (y  la 
taken  an  tho  an  me  Intern)  dimension  on  the  ground  a«  It  la  In  tho  cloud)  In 
determined  by  summing  the  contributions  from  all  poaaibsn  bf  wj  It  to 
given  by . „  '  ’  • 


o  (max) 


An(«i)  do 


where  n(tnnx)  and  o(min)  arc  given  by  tho  two  respective  values  of— 


(4.10) 


,  »  *  */xTbT(  1  ■  y^/a11)  4  (a1  -  y*)h*  -  bB  ( 1  ■  y^/a^l  ^ 

,  h*  -  b*(T  -  yW) 

if  ‘  •••  ‘  .  ; 

Equation  4.10  can  be  integrated  graphically  If  the  values  of  A„  and  the  other 
parameters  are  provided,  From  the  data 'given  by  Pugh  and  daliano1*  and  by 
Hohu»rV\  tho  fotlowtng  emplrlcnl  ■cnllng  funetlona  were  derived  for  the  yield- 
dependent  parameters  v»f  the  above  equations s 


4, 34*10" 

7wO.  431 

ft, 

W 

1 i*KT  to  10" -KT 

(4,11) 

1 . 40x10" 

wa,  300 
w 

ft, 

w 

1-KT  to  1 0"-KT 

(4,  III) 

0  .him  1  0* 

...<1,444 

rr 

.Hi 

w 

I  -KT  to  4H-KT 

(4.M) 

l  <>Hx  1  {)* 

yy  0  .  1  fl  4 

ft  . 

w 

28. KT  t n  IO»  -  KT 

(4  !  rd 

201) 

Aii  n|i|miNliiihil<>n  mi'llioil  lor  i>mI  Imaling  A„  I'lin  tic  ilcrlved  from 
Information  nn  thn  I'lniil  fit  I  tout  pattern  ItHelf.  from  Mqa,  -1.1  a  iiikI  I, 111,  the 
elmid  volume  fc» r  the  ellipsoid  of  revolution  oljoul  thn  minor  iikIh  Ih 


v,  >■  a,ai*io‘"  w 1  * *«l*  ci 1 1 1  rt,(  w  i-ktih  ion»kt  (4.in> 


If  thn  Irnotlon  of  the  total,  activity  naanolntntl  with  I, ho  pnrtleloa  Itn vlnic  tho 
Inverse  fulling  velocity  tv  I*  f„  nnrl  theae  particle*  urn  uniformly  dlatrlhuterl 
throughout  tho  volume,  then  At.  in  equal  to  f(.  A,.  /  V(. ,  whom  A.  In  equal  to 
1  ,4k10i,m IJW  Heaton*  (B  bore  In  tho  ratio  of  tlm  flaalon  to  toial  yluicli  g(,  la  the 
fr nation  of  tho  total  activity  produced  that  la  contained  In  tho  ulourli  nnrl  VV  in  tho 
total  yield  In  KT),  Tho  value  of  A„  is  then  given  by  : 

A„  *  4.  :ifjKlOu  f„g,  BW  °"m  ,  W  *  I  *KT  to  10»  -KT  <4 -17) 

where  tho  dupnnclttner.  of  gt  nml  fB  on  W  is  unspecified. 


From  arbitrary  distributions  of  A„  nnrl  from  n valient Innn  of  A*  (tv) 
and  the  difference,  tvm„  -  cvmln,  from  Bq,  4,11,  It  wna  noted  that  (l)  the  difference, 
Mm,._  generally  la  not  large!  and  (8)  tho  muKlmum  value  of  A,  (tv) 
gonnrnlly  oooura  near  the  value  of  tv  thnl  la  equal  to  X  /h  (designated  here  ft* 
t»„),  The  first  ostimnte  of  the  Anvftlue»  la  obtnlnod  from  oKperlmnntnl 
know  I  edge  (or  eatlmntea)  of  A,  along  the  line  y  -  0  from  fieifl  teal  dntn,  nntl  from'' 
the  assumption  of  n  oonatnnt  value  of  A  „  (tv)  evaluated  at  rvw  «*  a  motnngulftr 
■tup  function  between  (iw)n  and  cv,„„,  With  this  npproxlmntlnn  Rq,  "440.  heenmon 

A„  “  A,  ( n „ )  (nmM  -  timi„  )  (4,1*)  '( 

Hubatltutlng  X/h  fnv  iv  In  Wqa,  4,H  antl  dTI  gives — - — - —  - -  ■  - 


(4,111) 


(4,80) 


bo  that  Rq,  4,1*  becomes,  when  solved  for  A(t, 

(hB  -  bB)A, 


A ,  f> 


/rr~.i:.:. . 

V  l'“ /!,“  I  X" /„■ 


,j 


(4,41) 


BIO 


For  Hi  I  values  of  the  nnnnlH.nl  m  t  and  It » t-  reusimHlite  v  nlunn  of  X,  the 
value  i'I’  the  1'HtHonl  1 1  Mq,  4,31  Ih  lielweeh  «.l*5  Mini  3 .on,  no  Hint,  within  Iona 
(hurt  fi  itrreem, 


A 


« 


(h  -  h)  |li  'I  U)  A, 

.  w  -  •  ‘ll|.  -1,11  i.  B 

'hi  1)1 1 


HM) 


The  relnllnnahlp  between  A,  and  the  observed  Intensity,  MU,  ip  dlsouPBod  in 
SdOtiQB  4:0  i  5: 


4,9,3  PiyrUcIcj  Falling  from  Slam  Alt! twites  ? 

The  Bourne  volumbfor  purtlolep  falling  from  the  item  Ip  departbert, 
tnoutilne,  by  a  f  tp  re  that  it  circular  in  the  plane  parallel  to  the  ground  but 
whose  radius  tnereaaea  exponentially  with  altflude,  The  lower  radius  1*  equal 
to  that  of  the  fireball  (R,)  at  the  time  the  fireball  leave*  U«i  ground)  the  Height 
at  this  point  1*  also  ft, ,  The  item  rsdtu*  at  the  height,  h.  ie  (he  eerne  ae  that  of 
the  cloud  at  full  expansion,  Thl*  geometry  portrays  aparttel*  source  volume 
that  Bupanda  laterally, ^th-tnoreaaing- altitude  aa  well  a*  with  fireball  rise  wwl_._ 
expansion,  until  it  Town*  the  char  ante  rtaiicj  cloud,  The  entire  volume  or  apace 
through  Which  the  fireball  (or  cloud)  paean*  In  It*  rise  la  non*  We  red  to  be  (he 
aource  volume  of  the  fallcnri  ■particle*  from  the  item, 

The  ftSfUiwpttou#  utertfwr  the  model  aretlatod  below)  *otne  d(s- 
uuBBlnn  of  thee*  aiaumptiona  1*  given  in  the  following  text,  Many  fundamental 
dlff louttte*  in  the  fallout  model*  and  In  the  baalo  under*!, Binding  of  fallout 
formation  and  Ha  dlatrtbutlon  could  be  removed  if  more  information  were 
avail  able  oh  the  prnoeaaea  that  actually  orcur  during  the  cloud  rlae, 

The  descriptive  equations  Tor  the  fallout  from  the  atom  altitude*  are 
baaed  on  tha  following  assumptlonsi 

1,  The  atom  source  of  parti  ole*  ha*  tin:  shape  of  an  hive  mod 
exponential  horn, 

a,  The  spherical  exponential  hnm-ahaped  volume  has  a 
radius,  ft* ,  at  the  height  H* ,  and  a  radius,  a,  equal  to  the 
aloud  radius  at  the  height  h,  « 

3,  Thr  particle  fall  velocity  vector,  v,  wind  velocity,  v„, 
nod  ihoir  ratio,  the  particle  p I r,o -parameter, «,  are  the 
pome  as  for  pa  males  falling  from  aloud  altitudes, 


4,  The  volume  iiiul  hIiii) h *  ol  the  cloud,  iih  If  rlnen,  are 
nprcifled  by  t lit*  major  radius  (defined  In  a  above) 
rind  n  minor  radius  that  also  Inoronacn  ini !y 

with  altitude  from  It,  ut  (ho  hnluht  lt>,  to  the  cloud 
hnlMhloknoaa,  b,  ut  tho  height  h, 

To  make  hand  computations  feasible,  tho  particles 
having  n  given  value  of  n  In  tho  cloud  volume  nt  n 
given  nltlludo  art  aaaumed  to  lie*  oonoontrntod  on 
a  horizontal  plane  through  (he  center  of  tho  cloud 
volume, 

The  parllcloe  rise  with  n  velocity  that  l«  equal  to 
or  greater  than  the  rate  of  rise  of  the  center  of 
the  elnudi  they  begin  to  fall  earthward  from  the 
altitude  nt  which  (heir  fall  velocity  (duo  to  gravity 
forces)  equals  the  rate  of  riae  of  the  mam*  of  ntr 
surrounding  the  particle*,  Thin  altitude  in  nnnumed 
to  be  located  In  the  region  near  or  below  the  bottom 
of  the  rising  cloud,  Together  with  assumption  8, 
this  assumption  specifies  That  particle  groups  with 
a  given  value  of  «  fall  only  from  one  nltlludo  or 
altitude  Increment,  Therefore  tho  size-  segregation 
with  altitude,  aadeaertbed,  is_  somewhat  similar  to 
that  of  an  Ideal  fluidised  bed  of  particles, 

T.  Particles  having  the  same  value  of  at  fall  In  the  down¬ 
wind  direction  along  lh<?  length  of  a  hlgh-lnlonslty 
ridge  near  ground  zero.  The  di nmetinr of  tho  nt em  at  ^  _ 
the  aUltude  of  origin  of  this  group  of  particles  la  (lien 
equal  to  the  length  of  the  ridge, 

The  mathematical  model  for  the  shape  of  the  volume  of  air  that  Is 
swept  out  by  the  rlelng  cloud  Is  based  on  thermodynamic  equations  for  tho 
adiabatic  expansion  of  an  ideal  gas,  Including  a  term  for  the  change  in  free 
energy  with  altitude,  and  assuming  that  the  external  pressure  la  proportional  to 
tgpf«mg*/kT),  In  this  stem-model  approximation  lor  the  rising  cloud  (In  which 
the  number  of  moles  of  gas  in  the  volume  Is  Increasing)  only  the  exponential 
form  of  the  equation  in  retained  for  empirical  fit  to  the  data.  The  volume  of  the 
stem  Is  then  represented  by 


where  V„  and  kv  arc  determined  from  n  known  volume  nt  a  minimum  of  two 
fthttuden 


Hlmif  the  Minin  vuln inn  irniNt  Ini vn  the  mii nm  shape  mm  the  cloud  volume 
at  full  exp.'inalon,  namely  tin  nl llpilniil  spheroid  of  revolution  nltinit  the  y,  axis, 

(ho  major  Homl  iiNlo  ol  the  stem  volume  mny  lie  written  as 

n,  ■  n„  u!t* ''  (4,84) 

nnd  li»  minor  aoml -axis  mb 


whore  V„  In  mini  In  (4/!l)nnn*h„  nnd  l«v  In  equal  In  2k,  I  k4, 


llio  values  nr  n« ,  k, ,  h„  ,  nnd  kfc,  nm  dnJ^rmlnril from 


Ir,g  a„  B  log  a  -  L^JLiAiis  (4.20) 

h  -  K, 

k,/2.103  >.  (4,87) 

_ _  lV'  «  Ha  • _ • 

log  b„  *  log  b  -  ?.v.  1»S. (4,8B) 

'  _  li  -  14., 

and  ■’ 

k(l/a.io3  »  (4. an) 

s. _  h  *  R, 

Values  of  the  mem  nnd  fireball -cloud  geometry  conations  Tor  several  yields  n re 
listed  In  Table  4,1,  The  outer  dimensions  of  tho  atom  are  defined  by 

hb  +  y*  *  a,M  (4,110) 

for  which  tho  center  of  the  coordinate  system  la  nt  aurfnen  more, 

'The  particle  full  nnd  neouimilntlon  equations  for  the  slmMona ry  cloud 
could  be  used  for  the  rising  cloud  In  eatlmstlng  the  o  groups  nrrlvlng  nl  n  given 
downwind  location,  However,  auoh  opmput.ni inns  would  require  Ihe  use  of  nn 
electronic  computer,  nnd  tho  morn  oompIloBtod  trontment  would  nol  iwoosanrlly 
Improve  the  accuracy  of  eatlmntea  mmio  by  using  tho  almplnr  computation. 
Those  mathomnlloni  compllcntlona  nre  eliminated  when  It  la  nsaumed  that  all 
the  pnrtlolea  falling  from  the  rising  fireball  nr  cloud  tire  concentrated  nt  the 
hnrlsnnlal  plane  through  its  center.  This  u  amt  nipt  Inn  hIho  ellmlnntoH  spool- 
fUmllon,  except  lor  the  height  ,  of  |he  point  of  origin  whltllln  the  stem  for  any  n 
group  nrrlvlng  at  n  particular  point  on  the  ground  surface.  If  the  e  valuea  for 


VAIilIKH  OK  HTKM  AN!)  I'lHKnAM.-CM.Olll)  (II-IOM KTHV  C'ONHTANTH 
KOI)  NKVKHAI,  WKAPON  YIKTiDH 
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the  particle  groups  falling  from  the  downwind  teilge  of  Lhe  stem  omUrnmi,  Uiunu 
from  the  upwind  edge  of  the  Hem ,  rv^  ,  at  a  given  downwind  distance  oan  be 
determined ,  then  H  I*  possible  to  sum  up  the  activity  deposited  at  that  location, 
The  simplest  ease  le  al  the  y  «  0  planet  the  solution  oan  then  be  generalized  by 
replacing  a,  with  */£}  -y*. 

To  determine  and  rv^  ,  three  equations  are  required  In  order 
to  eliminate  a,  ami  z  from  the  start)  model  equations  with  equation  constants  and 
yield-dependent  parameters.  Two  of  the  three  equations  are 

a„  «  <4ff)l) - 

and 

I,  “  X  *  (VB  f'ldlli) 

whore  a  Is  either  fvm,„  or  nmt  depending  on  the  sign1  of  it, , 

The  third  required  equation  must  give  the  tv  valuo  of  the  particle 
group  falling  from  a  given  altitude,  An  equation  for  this  description  was  derived 
from  the  data  of  Anderson11  by  the  following  technique.  The  altitude,  z,  In  first 
defined  as  the  mean  altitude  of  location  for  the  particles  that  have  entered  the 
fireball  or  cloud  and  Have  colluded  condensing  mdlmiotive  elements  id  time, 

I.  after  detonation.  THo  nltl aides  /, t, ,  zt ,  and  z,  are  the  heights  of  the  bottom, 
tap,  and  center  of  the  visible  fireball  or  cloud  m  time.  I,  after  detonntlon. 


I'Tnm  n  pint  of  AmlovHnn'H  rltiin  on  the  ruin  of  rise  of  the  cloud  for  Win 
1,'J-KT  yield  It  In  fomul  llinl.  rales  of  rise,  /,tl  and  k,f  ooold  he  represented  ijulle 
neeurnloly  Ity  it  ftmotlon  of  tlto  fortni  constant  Union  (exp  -•  Utl  over  a  given 
period,  of  Unto.  Tim  Integration  of  tho  an  ton  of  vino  with  tlnm  should  give  the 
cilmttl  height  an  n  fimotlon  of  timo.  Tho  ftinotlon  for  v*  thus  dotorndnod  In 

v'm,  (h-li)( l  -  o'0,01”*),  l  -  10  |n  aid  hi. it  (4, HH) 

whoro  h  Is  tlm  height  of  tho  cloud  anti  h  Ita  hnlf-thleknosB  at  H  to  jo  miniitoH 
nf  tor  dotonatlniiji  The  n  hi  It  I  pi  lor  <|\  -b>  is  (I  percent  larger  Hum  that  obtained 
directly  from  Anderson's  dntn, 

!l  " 

In  tho  cnee  of  st,  Anderson's  tlntci  give  values  that  arc  about  4000 
foot  greater  nt  5  minutes  after  detonation  than  onn  be  obtained  from  Sohuert's 
data1*  for  the  to-mlnute  cloud  expansion.  Since  Anderson's  data  give  Inrgor 
values,  It  Is  assumed  that  he  either  used  unnorreotod  observed  data  or  that  Ids 
values  wore  ndjustori  to  the  heights  at  the  Nevada  Teat  Site,  Anderson 'n  values, 
accordingly , wore  reduced  by  30  percent  to  agree  with  the  values  oLb+h  that 
would tie  obtained  from  lliqi.  4,11),  4,14,  and  4,15,  giving 

Hi  0.  33l  jh+b)(l  »  e"0'  0<36K^)  ,  t  «  a  to  gn  Nee  pi  ,84) 

and 

a,  *  O.B93(h+b)(i.  1*0  -  e"0,  00784t),  t  rjo  to  20(1  sue  ,  (4,88) 

Tb  test  whether  the  only  yield  dependence  of  the  equiiliun  Is  that  lit 
the  parameters  h  and  b,  the  rates  of  rise,  fcuaro  computed  for  the  l-MT  yield 
for  comparison  with  the  values  given  in  15  NW  (p,81),  The-eal  ou  luted  values  of 
k|  are  found  to  be  from  0  to  13  percent  lower,  up  to  1,8  ml  mi  ton  i  but,  by  8.H 
minutes,  the  I5NW  rates  of  rise  arc  8  times  larger,  Also,  the  lnrgor  rates  from 
the  15 NW  data  give  integrated  eloud  heights  that  are  larger  than  h+b  when  the 
eloud  rlBc-rntes  are  Integrated  over  the  rise-time, Therefore,  the  rate  of  rise 
must  doorcase  more  rapidly  at  the  longer  times  than  is  indiontod  by  the  eloud 
rise-rate  (lain  of  15NW,  ~  " . 

The  height  of  the  oontcr  of  tho  cloud,  ns  determined  from  the 
average  of  m*  ami  km  Is  approximated  by 

Sr  )d,  91 5di  (1 , 093  ■'  e'H'<),)t)()rM),  t  20  to  400  hoc  ,  (4,80) 


II'  If  Hu*  fulling  rult*  nf  n  piirUHn  nl  She  lirlglil,  *  jvr  In  iin 
nvortigo  full  w»»lm«Hy ,  i/\,  from  */.  In  the  ground),  mid  /  Is  Urn  rule  of  rl Ht>  nl  /. 
nf  flit"  iilr  ii round  Mitt  pnHIrlp,  Ilm  pnrllHr  f*Ui riw  In  lull  mtrl.liwnrrl  ImmndlMltd.v 
lifter  It m  mmnnl  lull  tiiln  nqmiiii  Urn  rnU*  of  eluent  I, ho  nut* routulliiH  iilr  iiuimh,  or 
after 

v„  *  i  (4,117) 

From  Andumm'e  pRrtlol*  railing.,  rule  (lata  for  spherical  parlloior , 
the  following  i'elftflolifi  between  v,  und  v,  were  determined; 

v, /v,  si  0,  95  +1.02x10“"  m 

K  4000  to  90,  000  ft,  <4,SH) 

fil  E  200  to  1200  microns 

Htltl 

v*/v,  B  0,  5.8  +'■  it  74x3  0“*  Rl 

r.  *  50,000  to  HO, 000  ft,  “  ,(4.89) 

cl  *  300  to  1000  micron* 

Equation  4,98,  which  le  applicable  to  moat  of  the  altitude  region  of 
possible  item  fallout,  fit*  the  plotted  data  extremely  well  in  the  altitude  and 
particle -ii an  range  Indicated,  liven  when  applied  to  altliude*  of  1000  and 
00,000  feet  and  to  particle  diameter*  up  to  8000  micron*,  the  difference  between 
the  ratio*  calculated  from  the  tabulated  fall -rale*  and  from  the  equation  are 
lea*  then  30  percent,  — —  —  —  : 

When  the  cloud  rate*  of  rise, \ ,  k,i  ,  »i’  fe, ,  and  the- particle-fall 
rate*  are  tiled  to  compute  the  time  of  arrival  of  particle*  at  location*  very 
oloa#  to  ground  aero  where  fallout  from  item  altitude*  should  predominate,  the 
ealoulnted  arrival  time*  are  quite  oonititently  longer  than  the  observed  time* 
when  compared  with  the  few  available  obaerved  arrival  tlmea  In  which  the 
particle  aleea  are  alici  hmown,  Actually,  the  *ame  dlacrepancy  la  often  obaerved 
for  cloud  fallout  at  larger  distance*, 

THIa  remit,  l,e,,  the  longer  arrival  lime  computed  for  particle* 
falling  near  ground  aero,  is  not  a*  genera)  or  comprehensive  aa  might  lie  desired 
been  use  of  the  shortage  Of  data  Tor  complete  verification,  But  It  suggests  two 
deduction*  Alton  I  the  fallout  process  from  item  alUiudea,  provided  it  Is  assumed 
that,  at  n  given  time,  the  values  of  the  particle  -fall  rate*  nre  more  accurately 


known  in w n  is  inc  fate  nl  rise  oJ  Ihn  Hit' n U i  ii ,'u  i ,1 1 i, |4  I,,,  ■  (this  assump- 

lion  is  without  doubt  m  good  Olio) .  The  it  ml  deduction  is  that  the  change  in  cate 
of  rise  of  the  cloud,  with  time,  ns  given  toy  the  exponential  term  a  in  the  equations 
for  «t, ,  e, t> ■  and  »> ,  represent*  the  change  in  rat*  of  rise  of  the  air  around  the 
partial*#  mare  acaurstely  than  the  rate  of  riae  of  the  air  it, self  ia  represented 
heaause  of  inaccuracies  in  the  equation  multipliers,  If  this  were  not  the  case, 
the  discrepancies  in  the  calculated  and  observed  arrival  times  would  not  lie 
consistently  of  the  same  sign, 


The  second  -deduction  is  that.,  when  the  riling  oloud  takes  on  n 
toroidal  motion,  the  larger  particles  are  involved  in  such  a  way  ihat  they 
experience  downward  accelerations  for  some  rather  extended  period  of  time. 
Because  the  cal  daisied  fall  rata#  include  only  scoelaralions  duo  to  gravity,  the 
computed  time  of  fall  (neglecting  downward  accelerations)  from  (he  height  of 
the  cloud  would  always  he  longer  titan  the  true  time.  Conversely,  when  the  fall 
raise  are  used,  in  order  to  estimate  (he  Height  of  origin  of  a  particle  from  the 
time  of  its  arrival  on  the  ground  (including  its  riae  time),  the  computed  height, 
of  origin  ia  lea*  thin  the  cloud  height. 

This  interpretation  of  the  above -mentioned  observation*  of  particle  • 
arrival  time  may  be  used  to  describe,  in  qualitative  terms,  the  prooeaa  of  stem 
fallout,  The  rising  cloud  takes  oti  toroidal  oiruiiliUiofi  wmn’  tbs  intents! 
preaauraa  and  temperatures  of  th*  fireball  approach  those  of  the  ambient  air 
and  a  large-scale  air  circulation  is  established.  Air  and  soil  particles  rise  from 
directly  below  tbs  cloud  in  a  narrow  visible  stem  or  chimney,  and  the  sur¬ 
rounding  sir  is  entrained  over  the  whola  length  of  this  stem .  This  rising 
material  flow*  inis  the  bottom  center  of  die  cloud,  and  the  countercurrent  air 
flaw,  around  the  periphery  of  the  cloud,  la  downward,  The  observable  effect, 
upon  occasion,  Is  (hat  the  mast  of  particles  appears  to  flow  out  from  the  top 
portion  ui  the  cloud  and  ihen  downward, 

When  the  toroidal  circulation  starts,  a  particle  (or  liquid  drop)  in 
the  central  region  of  the  cloud  could r  by  centrifugal  fores,  be  moved  to  the 
outer  periphery  of  the  cloud  and  then  be  accelerated  downward  at  speed* 
greater  than  (he  panicle's  norma!  fall  velocity!  It  would  then  be  at  a  lower 
altitude  than  the  cloud  when  its  terminal  fall  velocity  is  ranched,  However, 
even  if  thia  centrifugal  action  and  movement  to  the  exterior  of  the  rising  cloud 
did  not  occur  for  (ho  majority  of  the  particles,  they  could  still  fall  (mm  lower 
altitudes,  by  virtue  of  the  downward  circulation  around  tiw  periphery 
of  (he  cloud,  than  would  h*  calculated  m  the  basis  (hot  gravity-pull  alone  was 
overcoming  the  grass  riae-rate  of  the  vialble  cloud. 


However,  even  with  toroidal  motion  the  separation  of  ini  lout 
particles  by  their  sines  because  of  gravity  force*  is  still  a  valid  concept,  The 
■mailer  particles  will  not  move  outward  by  centrifugal  forces  as  far  as  the 


larger  ii|him  111  llw  I'lri'uiaiifm  and  (hry  could  be  nwcpi  back  upward  through  I  ho 
cloud  a «  lung  un  (ho  velocity  of  the  rlHlng  nlr  Ih  «;iff  ltd  unity  large.  To  use  t lit n 
concept  In  a  mnthoiniitleiil  treatment  require!*  u  meihod  of  eHttmiitlng  (he  upward 
velocity  of  the  nlr  directly  below  the  cloud,  or  n  parti  ole -a  It  It  lido  Intuit  ton  lor 
cNUmutlng  the  apparent  origin  of  particles  having  a  given  value  of  u, 

AsHuinpiion  7  and  a  few  observed  data  wore  lined  in  derive  n  particle- 
altitude)  function  whouc  use  given  u  good  rep  resent  (it  I  on  of  the  Input  data  on  the 
particle  arrival  Ilmen  and  particle  sUes  used  In  Its  derivation.  The  heal 
representation  of  the  data  is 

a  *  r,„(l  -  e"^'1)  (4.40) 

where  kt  Is  0,011  see  and  gp  Is  a  ylckl-ilopcndont  multiplier  whoso  evaluation 
by  means  of  Aasumption  7  is  discussed  later,  The  obtained  value  of  k,  la 
between  the  values  found  for  the  and  llme-dependent  functions,  For  use  In 
the  scaling  system,  the  lower  limit  of  MppiivniiOSl  V  f  Fq,  4,40  is  assumed  to  lie 
about  00  seconds  and  the  upper  limit  about  8  minutes.  The  rate  of  rise  of  the 
air  layer  from  which  the  particles  fall,  represented  by  the  coordinate  a,  Is 

i  ■  K0k„  e”''*1  (4 '*11) 

or 

■  *  *■  k*|itw  -  /.),  •.  ..  (4.48) — 

The  particle  sine  parameter  fa,  for  the  particle  groups  falling  from 
the  apparent  altltulde,  a,  as  defined  by  the  ratio  ,  la  obtained  from  the  , 
combination  of  Eq»,  4,(17.  4.38  p,rv4|3B,  and  4,40,  and  Is 


«■«*? 

where  vu  and  wB  are  the  constants  of  Eqa,  4.38  and  4.30,  — 

In  the  functions  for  the  simplified  fallout  scaling  syatem,  the  standard 
conditions  adopted  arc  that  a  Is  3000  to  30,000  feet  and  that  vw  la  13  mph  or 
83  feet/aecand,  For  these  conditions  vwv0/k»  Is  1000  feet  and  v*w„/k*  Is  0,030, 
In  oases  where  »„  and  g  are  greater  than  30,000  feel,  these  parameters  arc 
11(10  feet  and  0,033,  respectively i  where  appropriate,  they  are  substituted  for 
the  standard  values  in  making  compulations, 
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I  III  vIiih  found  It  HUllllhi"  rolut.lonHltl|>  lietweeii  e  and  / ,  1  In  Miliich  nl 
f i „,i n  uml  n mM  arriving  nl.  a  given  downwind  dtalniiee  ulnug  ila>  eonler  nl  tlm 
pattern  iiiia  In<  diiLorminml  from 


•  110«) 


2.  103(amln  I  0,020) 
1111(1 


"  l"K 


"min  (*n  "'min 

-  1900) 

i  0,020) 

2,  10i(o-fflM  +  0,020) 


(On..  +  0.020) 


-X 


“*r,H  *o 

(4,41) 

•l"H  «n 


(4.413) 

The  pnrHolr*  group  arriving  nt  the  distance  X  iroin  the  center  of  the 
•turn,  n*.  under  the  same  rung"  of  altitudes  ami  wind  spend  ns  In  ISqH,  4, 4-t  and 
•1.15,  oan  Ik«  estimated  from  ■■■ 


O' •• 


(X  •>  1900)  +  7(X  +1 900)®"""+ "o,  OR ! X 


-  2  Ml, 


(4 .40) 


The  bright  from  which  the  group  fit  I  la  la 

«4x  +  1 900)5 '  I  '6.081 6 *UT(-  (X  I  1000 ) 


ia  a>  i 


0, 0400 


(-1,47) 


(for  altitudes  greater  than  50,000,  lit"  constants  0,0816  mid  0,0108  nr«  (I.1U0  and 
0,01100,  respectively,) 


Because  the  equations  for  c»ntiR ind  Omw  are  not  solved  explicitly  In 
torms  of  tho  equation  constants  and  X,  it  is  stmplnr  to  obtain  find  "mm 
ftraphiqiilly  computing  n(  and  tv  at  selected  vnluos  of  r.,  calculating  X  from 
...Mq.  4. ml,  nod  then  platting  the  two  values  of  it  as  a  function  of  X, 


Minor  the  stem  fallout  scaling  system  his  been  simplified  to  designate 
n  spnUnl  distribution  of  the  <v  groups  that  are  uniformly  distributed  In  n 
hortaontnl  pinna  at  n  given  value  of  s,  it  is  convenient  to  define  the  nativity  con¬ 
centration  of  each  group  in  terma  of  the  number  of  fiisloria  per  unit  cross- 
sectional  nron  of  the  alem,  Tf  this  concentration  is  designated  ns  ff„,  then  the 
total  activity  ('nrrled  by  ench  group  Is 

A.  ((,  1  •-  nA-  ft® 

i  .  |TJr 


2t  n 


(4,4  B) 


The*  lnt.nl  imtlvlty  per  unit  him  mi  iiiuuiiihi  luted  mt  the  ground  nt  t  hr  dnurmliid 
distance,  X,  In  given  liy  the  mini  nf  the  A  „  from  rrllllM  tn  „  .  m1. 


ru 

“  mm 


(4.4D) 


The  procedure  lot4  estimating  A„  for  stem  fallout  Ih  oaacmt ln.l ly  the 
name  as  that  for  estimating  Aw  for  cloud  fallout  The  method  In  based  on  tho 
use  of  observed  on  estimated I  values  of  A„,  glvonns  u  funol Ion  of  X,  to  determine 
liy  successive  approximations  AH  as  a  function  -of  a,  The  first  approximation  Is 
obtained  lay  cnluulntlng  an  average  value  of  A„  ,  for  the  value  of  a  nf  efloh  of  n 
series  of  joleotcd  values  of  X  along  the  center  of  the  pattern  (y  -  0)v  liy  use  of 

An  m  - - - -  (4 .110) 


The  appropriate  values  nf  0-  ,  nnrt  A,,  for  it  given, yield,  eitnlm  rend 

from  a  plot  of  cnah  with  the  downwind  distance,  X. 


4.3.4  McthmlB-for-KflttmHUng-the-Dynamtns  of  the  t'illfflH  DepeHltlnn 

The  time  of  fallout  arrival,  time  of  fallout  ocsssUon,  rate  of 
depoaltlon  during  fallout,  variation  of  lbs  done -rate,  and  ifolentlal  dole  during 
the  fallout  period,  can  all  be  estimated  by  u«»  of.the  simplified  fallout  scaling 
system.  Association  of  intrude  sir, ns  with  the  average  fall  rates  from  different- 
altitudes  will  give  the  particle  sine  ranges  that  fall  at  any  location, 

The  assumption  of  a  uniform  distribution  In  tho  cloud  of  the  particles 
having  s  given  value  of  n  Implies  that,  at  the  location  X,  y,  the  Drat  particles 
of  ths  arriving  group  fell  from  the  height  of  the  bottom  boundary  of  the  cloud, 
and  that  the  particles  (or  nativity)  from  each  rr  group  will  aoaumulate  on  the 
ground  nt  a  constant  rnie  until  the  Inal  ones  falling  from  the  height  of  the  lop 
boundary  of  the  cloud,  hu,  nrrlve. 

For  n  constant  value  of  the  wind  speed,  or  wind  velocity  vector  from 
plow!  to  ground, 

vw 
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M.nn 


HU  Unit  (lie  llmi1  (if  ihtImiI,  t,  <n  ),  for  (ho  grnii|i  In  given  liv 


Oil  i 


<4.rui 


Will'll! 


I'l  "  ll  +  »« 


ami  tiin  time  of  uuaantion,  I , (if),  for  Uni  (croup  in  ui von  by 


(4,  nil) 


14, M) 


WhOI'B 


h«  *  h  +  s« 


(4,nn> 


In  these  equations,  a  „  Is  the  positive,  or  largest,  value  of  is,  nncl  k, 
la  the  negative,  or  amalloal,  value  of  the  Intercopta  of  thu  partlolo  group 
trajectory.  with  the  oloutl  boundary,  The  interoopta  are  given  by 


, .  «&&(£.»  fed*. 

a"  <  tv8 b“ ..  ,  - 


Thc  tlmo  period  over  whloh  the  group  prrlvea  la 
-  4lW  . 

:V* 


(4.671 


where 


A*(rv) 


"a  • 


(4  .-SR) 


Since  the  total  amount  of  particles  or  activity  per  unit  area  that 
arrives  at  X,  y  la  given  by  A,  (rvl.  the  rate  of  arrival  of  the  group  la  given  by 


(4.6D1 


y,tti 


The  tutlil  ml*1  tif  nrrlviil  tif  I'lillmil  lit  liny  Him*  Mlti'i'  I hi>  dint 
imi'tiuliiN  wturl  n rrIvliiH  umi  bo  (Into rin Inml  by  Humming  t hi*  imtlvliliml  mien  for 
nil  the  a  groupa  nr  riving  at  a  given  dim',  Thin  mini  la  given  liy 


The  , , )  and  (nmw  (, )  vnluon  arc  obtained  from  n  plot  of  l, (o)  nnil  tr(fj)  umi 
n  funotlon  of  a,  Tho  Integration  Indicated  by  fstj ,  <4  do  cnn  bo  onrrloil  mil. 
graphically  from  a  plot  of  A,  (rr)/A t<o)  n«  a  function  of  n. 


Thu  groea  activity,  or  number  of  radioactive  oloma  por  unit  nron, 
-nectmwlatetl-on  ihe  ground  at  any  time  nfturlhe  first  particles  nrrtvisfls  glvu'ii 

by  ...  ^  .  .__f_  , 


••  •  -  t  _  ,  -  ■ 

A»(t)  -/  (A,/At>,  dt  (4.01) 

■  .  lin - 

‘  '  V  '  .  ii 

whuro  in  (1)  la  tho  Hints  of  arrival  of.  the  firm  group.  When  t  la  i„  of  tho  In  at 
group  to  arrive,  Kq.  A, fit  i«  equal  to  the  A,  of  Bq.  4.10.  for  olomHn  locations, 
A  minutes  should  be  added  to  Duma  time#  to  aaoounl  for  the  cloiid-formnUon 
time. 


/  The  time  of  arrival  of  eituli  pnrUole  group  falling  from  tho  atom;; 
altitudes  at  a  given  downwind  location  I#  the  sum  of  Ha  rlao  tlmo  and  full  time, 
The  rise  t  line  of  each  group  may  b«  uatimaled  from  a  oombinnllon  of  Bqs,,  4,41, 
4,4a  and  4,4(1  which  la  "  '  ,r  :  -  ~ 

I,(huc)  b  A09  ^  +  O.OgO)  .  logO«00/Rv  4*  0.0*0)]',  (4.(1 4) 

Whan  li  la  gruater  than  air aaoortda  tha  tibia  required  for  the  group  to  fall  to  tho 
ground  te 

l(  «  a / vr  •  frn/vw.  (4.(111) 


or,  with  fiq,  4,4li,  tha  time  of  fall  undor  tho  aamo  aondlllona  of  wind  «p(iwl  mid 
height  of  origin  nn  In  Hq,  4.02  la 


(4. 04) 


Thu  nnlivlty  nccimuilnlcd  !<>  nuy  limi'  oun  l>r  ili'iormliW'd  Irmti  a  plol 
nl  Iho  Inli'nnil  (Hi’  Hum). 


A,(l) 


if 


n.m 


against  Iho  Unm  of  arrival  of  thu  r*  Hr"1'!1  n.a  given  by  I,  t  I Tim  rain  of 
nr  rival  of  the  f*  groups ,  if  donlrtid ,  nftti  tiw  determined  for  various  times  by 
faking  slopes  from  the  curve.  The  delay  time  due  in  particle  circulation,  as  la 
discussed  In  Chapter  4.  would  Innrnsse  the  arrival  times  given  by  l,  *  t f . 


muinitloiLBt  laolMHon  Jkti 

In  order  to  estimate  the  air  Ionisation  rate  and  exposure  dose  from 
A,  (t),  both  a  onnversion  from  fissions  per  unit  aren  to  r/hr  and  »  decay  curve 
for  the  gross  radioactive  mixture  are  needed.  The  conversion  factor  from 
fisilons/sq.ft  to  r/hr  Is  defined  by 

--  "  -  _  j,(lj  »  K,(t)A,  “  (4, PIT 

and 

K.(i|  *  Rrj,  [r,(t)lfp(t)  +  l,(t)]  ?  (4M) 

in  which  llf  (t>  la  the  air  ton! Ration  rats  per  flss/fl  at  n  feet  above  an  Infinite 
idsal  plans  for  s  uniform  distribution  of  tty*  normal  fission  product  mixture, 

I,  (t)  Is  ths  same  unit  Tor  neutron  "Induced  activities,  r„  (t)  is  ths  gross  fission 
product  fraotlonaiton  number,  q„  la  the  terrain  shielding  -factor.  D  Is  an 
instrument  response  factor,  and  t  Is  the  time  after  fission.  The  tnie  air 
Ionisation  rate,  1®  (t),  Is  obtained  when  D  Is  set  equal  to  one, 


_  _ Jince  most  fallout  data  have  bcea  corroded  in  a  standard  time  nf  - 

H  +  1  hr  and  reported  In  values  as  nf  this  time  (even  though  the  fallout  had  hot 
yet  arrived  si  1  hour),  li  Is  oonvenlant  to  refer  to  the  cnmmon-tlms  data  In  r/hr 
by  means  of a  decay  oorrcctlrm  factor,  d(t,J),  defined  by 


wlu>i'f>  1,(1)  Ih  lln>  MU'  min  /.ill  Inn  rule  corrected  In  l(  •  I,  II  In  aeon  (lint 

1,(1)  K ,  ( I )  A  „  (4,(111) 


und 

1,(0  K ,  ( I  )d(f ,  1  )A ,  (4.70) 

;j  The  fijiti'ininl  (t'KJMjaure)  (lllHf'  frillll  dcpOHltOfl  III  Modi  (Ill find  IllllOUt 
iirrlvfil  m 


H.71) 


whom  t,  und  tr  aro  the  nrrivnl  and  ceaaatldn  timea,  reapoctivoly,  for  nil  values 
of  d  arriving  at  X.  Equation  4.71  nan  be  Integrated  from  n  plot  of  I  *  (t)  a*  a 
function  of  time. 

j«  order  to  onlimnte  the  done  rate  contribution  from  Urn  activity 
In  the  nir  a*  It  lalla,  the  nlr  coneentratlona  of  nil  the  particle  group*  are 
needed,  (llnec  n  uniform  volume  fimrilwtlon  of Ihn particle  group*  waa  assumed 
nnd  a  single  velocity  for  the  wind  speed  wan  taken,  the  concentration  of  paruclpa 
for  each  valuo  of  c  remains  the  same  nt  all  altitude*  sml  is  given  by  A(„ 

JKf«mv«liiulat1onn  innil«|tty  IjnumotBi1*  (he  air  Ionisation  mb*  at 
throe  foot  Inside  a  plnnr  Iwundnry  of  n  semi-infinite  volume  containing  « 
uniform  ly^Uatrtbuiod  radiation  source  In  given  by  ,  _ 

■  ’  !»<t|  T  0,<»H()j(|0",,A,  At,l,  In  r/hr  (4 ,7U) 

In  which  Ai  la  the  activity  In  dla/ace  per  flnalon  at  the  time,  t,  alter  fission, 
Airis  tlw  ooflcMOfftloiv  inflaaToha/lit.  and  *4-  la  the  Iota  I  gamma  ray  energy 
In  Mev/dls  .  " " ' 

At  a  given  time,  Ai  ami  13,  are  constant,  »o  that  the  contribution* 
from  the  particle  groups  of  all  n  valusu  arriving  at  a  given  time  can  bo  aummiMi 
aa  In  the  ease  of  the  deposited  mnlerlal.  MullipHostlon  by  the  appropriate 
values  of  A|  ami  Kt  for  the  dnaignated  time  will  convert  the  aum  to  r/hr.  The 
sum  lor  falimit  from  Howl  Hlliludea  la  given  hy 

i.m  >  fh  oanvirr''  a.  k.  f*  AtiH,,  M  7:11 
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Vnhii'H  for  A.  mid  K,  c.'im  he  ilorlvwtl  from  (he  <1n In  of  hollrn  mwl  HiiIIou" 
l.iiHIvloro,"'  ctiul  /Igmnn  nml  MiioMii.1" 


Tho  method  of  oHttimillon  for  the*  Ionian  lion  rule  from  the  nlrhonio 
imrtioloH  firrtvlnit  from  the  ntum  iiltltudo*  Ih  the  mime  km  for  thorn'  from  elouil 
nllitmloti,  uxoopt  Mini  tho  value  of  A(,  In  Kq.  *i .Til  mtiHt  ho  onttmntod  from 


who  re  v,  vw/o'.  In  Kq.  4.7*1,  tho  v,  npjillo.a  Ui  the  o  groU|i  nrrlvtiiH  Hi  the 
Uimi  tin  jn von  hy  Kf|* .  4 .Gil  nml  4,04,  The  luntnnllon  rule  In  given  directly  hy 
Kq,  4,711  hooHUMe  tho  wimple  stum  (ui lout  uuallng  nysUmi  given  only  otto  jinrliei*- 
mIk«  group  an  nrrlvlng  nt  it  given  tnnlnnl. 


C'llAPTKlt  -1  Hi: ratliNCKH 


1,  Kellogg,  W,  W,,  lUiiirlng*  before  Hip  Hpeolnl  Subcommittee  on  HndinUnn  of 
the  Joint  Committee  on  Atcmlo  Energy,  U,H,  Congress,  The  Nature  of 
HndioaoUve  Fallout,  And  He  Effect#  on  Man,  Port  1,  p,  104-41,  IHA7, 

2,  Ander#on,  A.D.,  A  Theory  for  Clo#e  In  Fallout,  UHNRDL-TR-349,  1038, 

a,  Kellogg,  W.W.,  R.H.  Rapp,  and  ».M,  Greenfield,  J,  Meteor,  14,  1,  1-8  1BB7. 

4,  Sohuert,  F,A.,  A  Fallout  Foreaneting  Technique  With  Results  Obtained  at 
the  Enlwetok  Proving  Ground,  UBNRDL-TR-139,  1987, 

A,  Ksanda,  C.F.,  L,  Mlnvlelle,  and  A,  Moskln,  Scaling  of  Contamination 
Pattern#,  Surface  and  Underground  Detonattona,  UBNRDI.-TR-l,  1688 
(Cl  Miff  led). 

«,  Laurino,  R.K.,  and  1,0.  Poppoff,  Contamination  Patterns  at  Operation 
Jangle,  USNRDL-899,  1963. 

7.  Capabilities  of  Atomlo  Weapons,  Armed  Forces  Speoial  Weapons  Project, 
TM83-800,  1988  (Claaaified). 

a, - The  Bfraoie  of  Nuclear  Weapons,  U.8.  Oovernmant  Printing  Office, 

Washington,  D,C,,  1987. 

9,  Anderson,  A,D„  Application  of  'Theory:  for  Clone-In  Fallout"  To  Low- 

Yield  Land  Surface  and  Underground  Nuclear  Detonations,  USNRDL-TR- 
389,  I960.  •  - 

10,  Pugh,  0,1,,  and  R,J,  Qaliano,  An  Antlytlo  Model  of  Olooe-In  Deposition  of 
Fallout  for  Use  in  Operational-Type  Studies,  Research  Memorandum 
No.  10,  Weapons  Systems  Evaluations  Group,  I960, 

11,  Callahan,  K.D.,  L.  Rosenblum,  J.D,  Kaplan,  and  D,R,  Batten,  The  Probable 
Fallout  Threat  over  the  Continental  United  States,  TO-BOO-13,  1000. 

18,  Rapp,  R.R,«  Summary  Report  of  RAND  Work  on  the  AF8WP  Fallout 
Project,  RM-8334,  1909  (Claaaified). 


hmimet?,,  ft,,  Private  fiomiminitmUon,  UHNHDl,,  11)00, 

Holla*,  II, C,,  and  N.E.  Hnllou,  Calculated  Abundance*  ol'  U-385  Fission 
Products,  USNfinL-4B(J,  I960, 

L,*nivi*r«,  P,D, ,  Early-Tim*  Oamm*  Ray  Properties  of  11-880  Qross 
Fi**ion  Products,  USNRDL-TM»89,  1988, 

Zlffmsn,  P..  and  J,  Maakln,  Early  Time  Decay  of  Fiaaion  Product 
Mi»tur#g—  II  Health  Physic*  £,  70  1001, 


Chapter  15 


CORRELATION  OF  SCALING  MODEL  PARAMETERS  WITH 
OBSERVED  FALLOUT  PATTERN  FEATURES 


Although  observed  data  on  fallout  patterns  from  land  surface  shots  of 


various  yields  are  very  meager,  the  processed  data  give  Indication  In  a  quali¬ 
tative  way  of  a  number  of  perilstant  characteristics,  For  example,  the  general 
shape  of  the  fallout  standard  Intensity  contours  (in  r/hr  at  1  hr)  from  shots 
where  the  wind  structures  were  rather  simple,  resembles  a  shadow  of  the  mush 
room  cloud  and  Its  stem  on  the  ground, 

Beoauae  of  the  shortage  of  reliable  data  on  the  fallout  patterns  from  land 
surface  detonations,  any  systematic  method  for  sealing  fallout-patter ni « »1,  § , , 
methods  for  interpolating  and/or  extrapolating  data  from  one  weapon  yield  to 
another— must  take  full  advantage  of  all  euoh  apparently  persistent  qualitative 
character isttas  of  the  available  patterns,  In  devising  methods  that  oan  convert 
the  qualitative  oharacterietlce  to  quantitative  ones,  the  methii>d»  must,  of  course 
be  aepable  of  at  least  reproducing  the  observed  data  that  wad  used  In  obtaining 
the  original  scaling  relationships,  which  are  given  as  functions  of  weapon  yield, 

Roma  of  the  apparently  perslitsnt  oharaoterlsllos  of  the  fallout  patterns 
from  lurfaae  detonations  are i 

1,  In  the  region  near  ground  sere,  the  intercity  gradient  in  the  upwind 
and  crosswind  directions  le  very  steep 

8,  The  high  Intensities  near  ground  *ero  appear  as  an, intensity  ridge 
(rather  than  as  a  circular  peak)  displaced  In  the  downwind  direction 

■i  ‘  •  .  .•  ,  ■ '  . 

8,  Thu  length  of  this  high  intenelty  rldge^ppeari  to  be  proportional  to 
the  width  of  the  lower  portion  of  the  »tom 

4,  The  peak  intensity  of  the  ridge  increases  with  yield  In  the  1-  to 
1Q-KT  yield  range  and  decreases  In  the  lOO-KT  to  10-MT  , yield 
range 


UUI) 


n,  Tho  host  simple  (Jinpi i  Uiul  rnlaUtmHhlp  for  the  variation  of  the  In- 
I  on  tilly  with  upwind  and  urnsHWlnd  distance  from  ground  i/ioro,  from 
graphical  plot*  of  tho  data,  Is  thill  of  Iho  form,  foO"11 " ,  whnro  l„  la 
tho  rldgu  peak  Intmisdty,  k  in  a  cicinstunt  for  u  given  yield,  utul  x  In 
ilio  upwind  and/or  crosswlnd  distance  from  the  upwind  shoulder  of 
thu  rldgo  peak 

if,  Tho  contours  downwind  from  ground  «oro  nppimr  to  bo  purtUlol  to 
tho  Intenalty  rldgo  for  it*  mill  ftp  length 

7.  At  distances  greater  thiln  the  length  of  tho  rklge,  tho  Intensity  cion- 
tours  <11  really  downwind  decrease  with  distance  from  ground  aoro 

B,  At  some  distance  downwind  (or  perhaps,  even  upwind  for  vary  largo 
yields),  the  low-valued  Intensity  contour*  fan  out  and  tho  Intensities 
directly  downwind  from  ground  warn  rldd  sharply  with  distance  and 
then  more  slowly  with  dteianoe  to  n  peak  value 

0,  Tho  distance  from  ground  sort)  to  this  downwind  peak  intensity 
__  tnoreases  with  weapon  yield 

10,  The  magnitude  of  the  peak  Intensity  nliit?  appears  to  inorenee  oon- 

tlntiuusly  with  yield 

The  distance  between  the  lower-valued  contours  appeurs  to  be  related 
to  the  width  of  the  aloud  (not  considering  wind  shear  differences)  and 
the  maximum  width  seems  to  ooaur  farther  downwind  than  the  peak 
intensity 

The  variation  of  the  Intensity  with  downwind  distance  from  this  outer 
pattern  peak  can  be  approximated  within  reasonable  limits  of  error 
If  the  wltfid  shear  I*  not  large  by  a  function  of  the  form  t,,  o’!"*, 
where  Ifi  is  the  peak  Intensity,  m  Is  if  yield  dependent  parameter 
and  x  Is  me  downwind  distance  from  the  peak, 

The  above  listed  fallout  pattern  characteristics  arc  based  on  a  combination 
of  experimental  observations  and  unaiysen  of  field  test  data,  The  most  reliable 
of  the  group  appear  to  be  those  numbered  1,  8,  4,  fl,  7,  8,  and  0, 


ii. tf  Cli'iH'i'iil  t ‘«nvll| Iohm  u>  \V.h‘>Mi  ihe  HoiijCvc  Pat  a  Apply 

In  deriving  ll\t>  I'mplrli'iil  ciiimlnniH  In r  llii'  Healing  luiu.'iions  r»i '  Hr1  fnllntil 
pnLliirnM ,  llui  nvitlliili.il1 1 In l «  wen*  converted  In  (he  reference  nf  loo  pereent  fission 
yield  (II  «  I),  Including  o,H  neutron  onpluroa  per  M«ut  Ion  hy  U  UHM  lo  give  llii* 
appropriate  value  nf  !,  JI)  in.  roentgen#  pen'  hour  at  i  hour, 

Also,  thu  1,(1)  vnlui'M  (or  mnndard  InlnnHlt ln«)  eorrespond  lo  rmlliui 
measurement#  !  niton  nl  throe  fool  above. an  extended  nprn  nr  on  contaminated  with 
fallout  ii#  it  existed  wlinu  thfi  measurements  were  MUon,  Tho  reference  rod  Inc 
Inntrunionl  lor  tho  i„(i)  values  l#  tho  AN/PDH-!Hi(Tln)  portable  nullnoi  Ii  hn# 
n  geometric  nnd  plmlon  energy  response  of  very  nearly  75  perconl  of  tho  true 
nlr  lonltsntlon  rate  nt  thrOo  foot  above  n  piano  source  of  fl##lon  produot#  uniformly 
distributed  on  tho  nroit,  Therefore  lo  oblnlii  tho  truo  nlr  Ionisation,  In  unloulntlng 
expotiuro  doion,  tho  1,(1)  values  ahould  l|o  muHIpled  by  t.im; 

The  average  value  of  the  terrain  shielding  fnelor,  which  I#  nuiomnllonlly 
contained  I  mho  source  dnla,  I#  about  0.75,  Tho  data,  in  genernl,  apply  lo  U-aan 
fliilon,  for  which  the  l|P(l)  of  Eq,  d ,07  Im  O.IMxlD  JiWhr  ill  I  hr  por  flsalnn/ 
sq  fi.  Tho  value  of  l,  (Ij  for  tho  Indicated  Induced  activities  U  (l.lllxtO*1®  r/lir 
ol  l  hr  por  fiaaion/aq "ft,  With  thoao  numbers,  Bq.  >l.(i7hnoomns 

1  r/hr  nl  ]  hr 

The  numerical  coefficient  is  MitxiO10  In  r/hr  ntl  hr  per  KT/aq  ft  and  It) (to  In 
r/hr  nt  1  hr  por  KT/sq  ml,  however,  r*<l>  la  nine  Included  In  the  observed 
data  lo  aome  degree »  lual  how  much  la  unknown  hoonuae  most  qf  these  data  were, 
decay -oorrootad  to  H+i  by  a  single  defitty  curve.  The  exact  value  and  depend¬ 
ence  of  r„  (l)  on  distance  la  nol  noefia  fqr  devoloping  the  sealing  functions  sinoc 
It  la  unnecessary  to  separate  the  product  K,U)A,  In  the  derivations.  An  nvornge 
value  of  c,  (1)  la  defined  nt  the  end  of  ttila  aeotlon  to  account  for  the  fraction  of 
tho  total  activity  produced  that  falls  within  a  gtvon  area  on  the  ground, 

The  average  wind  s|ins4'fny  tho.aourco  data  used,  wna  between  19  nnd 
15  mph.  It  may  honaaunwd,  ;tteretri#,  thnl,  tho  scaling  runottons  are  for  an 
average  or  effective  wind  speed  Qf  l5  mph. 


s:il 


li.M  Healing  J'.'l.lllOtlOIIH  lOI  I'llllOUt  I'llUl'IM!  of  lltfnt'OHl 


Homo  of  l.ho  pattern  I'oiilui'ciH  of  Uiloi'oHl.  along  the  downwind  aula  (y  ()) 
of  1  ho  lilorillKml  I'm  I  lout  pntlorn  are  hIiowii  In  Figure  n . !  iih  it  Hohonmtlc  InfoiiHlIy 
profile,  The  numbers  shown  In  the  figure  correspond  In  the  number  subNcrlplH 
of  tho  Mealing  funutlons.  Tho  evaluated  sculling  functions  for  those  itiul  other 
qunnlllloK  are  given  In  Boot  Ion  ft . <-1 .  Tho  procedures  nml  iiHmimptlonn  used  In 
obtaining  the  numorlonl  values  are  described  Itolow, 


n„'l,l  Intensity  Itlffm.)  Nuin1  Ground  Zero 

Thin  rldgo  Ih  tiMHumud  to  result  from  tho  deposition  of  parlloloH 
from  stem  altitudes,  noonuso  (I)  more  dntn  nro  available  oil  tlm  fallout 
deposited  in  tho  vicinity  (>f  ground  aero  fur  surface Inttcl  ulmis  than  for  ol ho r 
downwind  nrems  mid  (9)  tho  simplified  fnllmd  Honlhig-systomfnr  tlm  stem 
geometry  could  not  ho  utilised  In  n  straightforward  mnnnor  to  reproduce  tho 
olmorvod  inlonsItlcH  upwind  from  ground  noro,  the  scaling  function  for  ~X( , 
tho  upwind  distance  to  tho  l  r/hr  nt  l  hr  Intensity,  wiih  dorlvmi  directly  from 
thtuibHarvod  dntn.  _  _  ...  —  - —  - 

Accordion;  i<>  observation  D  In  Hoollon  M,1 ,  the  ponk  Intensity  noiir 
ground  zero  Is  given  by 

Ib,ii  *•'  oxp  k  |  |i  (XM  -  X | ) 

i  whore  k,  );i  Ih  n  yield -tlopondoiH  parn mule r  ovnUiu tod  omplrlcnlly  from  observed 
tliffn,  Tho  pnrnmolor  designated  by  XM  In  tho  dlHtimoo  to  tho  upwind  shoulder  of 
tliii  Intensity  odgoi  this  locmtlon  none  rally  does  not  oolnolde  with  Mini  of  tho 
orator  ill  X  ■■  0.  ■■  •  . . 7  ■%;  " 

•}  '  '  ■ 

Tho  1 0 nut h  of  the  InlonHlty  ridge,  X  „  -  X,  ,  Ih  wnMuinod-to  bn  aqua  I 
to  the  dla motor  of  tlio  Htom,  2a  „,  for  tho  pnrllelo  groups  falling;  from  a  oharric> 
toi'lHlIo  altitude,  /, „ ,  One  possible  explanation  for  the  .observation  of  tiro 
Intensity  rldgo  Ih  that  a  largo  numhdr  of  fallout  partlojeM  having  n  rather 
narrow  slse-rango  fall  from  a  given  small  rimgo  of  nUlturlo  after  tho  fireball 
risen  Home  dlstaneo  from  the  ground  boonutto  a  basla  tthnngo  lit  Iho  Internal 
olmilnllon  Iran  ooourrod,  The  onset  of  toroidal  motion,  lor  example,  miglH 
result  In  ll,)o  rapid  ojoutlon  of  the  larger  particles  In  a  short  period  of  time, 

Tho  dumping  or  ejection  of  a  rather  large  number  of  big  particles  might  also 
oolnolde  with  tho  lime  It  taken  Tho  larger  particles  to  make  one  pnsH  through 
the  T'lsrlng  fireball  prior  to  iholr  mass  migration  to  the  peripheral  regions 
whore  iho  air  our  rents  can  nooolornto  their  fall  downward. 


HI  non  I mt It  f l„  tinfl  m  u  ni  |itiri|itirll(,m«.l  l  nW",  wliciv  a  Is  nVflf  j/[i( 
i Ik<  hii me  type  of  dependeuee  on  ylplrt  Is  a*'»uflltt«l  (KtJ  -  X or  'v,  , 
Unniiuse  (In1  assumption  mjulre.ii  Mini  toe  particle  ^mips  falRii#  Iwun .  ,<n, 

the  minimum  a  group  that  arrive.!  si  X, ,  and  the  wumlniu.fti  ,»■  griwuthB  «•  fcj|  Mi| 
X|  i  the  purUoUm  l.hnl  fall  from  thr*  emiiier  -of  Hie  nitem  must  tawd  near  ■  V.4  tjL  x 
The  partlcle-alse  parameter  Ind-ldper  ifor  these  paifllrlea,  thei'H'rtre.,'  r-sti  IvT 
rleflhPtl  hy  :> 


'■  h  ft-  X, 


m  l! ,  ii 


■ !  i;  i 


i-'  z». 


Where 


■'  .'i  1 1 

'.I  ')  ! 

il  '  ‘  i 


,  ’  fit  ■ 


...  2.J 

-- B,  * 


MM|”b  «•«  s«#  il« ft'- /A')'/.:: 


it. 


■  a.r  M  * 


.I'M1 


ones  the  yield -dependi imii  |  of  -In  drtfipmtlnedl ,  Mi*  vg|w  nun  tie 

osioulated .  Jl  '1st  than  ivaiUMe  «j  pi  |  -wsUiwrttiM  oif  it ,  -«ni(J  X  %«;  «y  yMdn, 

fby mse  wl1  iho  eotstlwfvs  it  ■•!.  ■  •  •;  ♦  '  , 


and 


X'H  r  lUjf  1 1|  kh  * 

11.  /  '' 


(o,im 


%  i 


^!i  *  Ha.  i  *|n  ft  *11 . 


1 
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(IMt) 


The  ncldldnnal  use  ..  Is  to  rva  haste  iihtf.parswrtpr  r,h  thsi 
(Defines  the  wntowef-rtae  fshWHehsi'  |p4|i  flf  JDRv'fltfta  to  miifcv  she  of  MuMton 
results  in 


1: 


VwV, 


wvn 


ftt,  It11* 


Mis,#  d  y/Vf/K 

IwVeiMmMH  /  p*«< 


which,  ter  lihe  88  fl/aw  -wind  speed,  .^(IjXl  lr/iO.ftfK)  11  nH h\ii<9( m ,  Old  vise  limes 
of  20  In  non  see,  Is  given  by  j  j  ^  ■  !  . 


'  I 


«l, 


|orm  .<j  1  (l-.  «0)e,  '■ 


(fl.H.) 


a.'<! 


■  "a.  i. 


mini,  lor  iiiii*  with  /■  vuIucm  g  renter  Hum  .'lU.ooo  II,  In  ghi^i  l<v 


I  M«0  I  (o,  a  *  U.li  '^^-n 

*«  ■  — - r1 — - — 


(A, II) 


These  evaluations  of  assume  that  at  the-  same  upward  In  roe 
Is  Acting  on  the  particle*  that  may  go  hSghor  than  r.o,  not)  loot  na  la  noting  on 
those  that  fall  back  from  lower  altitudes.  In  «  general  wny.  the  equation  const nnts 
for  the  higher  altitudes  should  not  apply  to  yields  lor  which  r,„  Its  Hi  la  loaa  than 
AO ,000  toot,  For  the  empirically -evaluated  constant*,  the  yield*  for  which  the 
high  -altitude  equation*  apply  la  actually  near  to*  -KT.  The  upper  limit  of  ?„ 
la  (h-b),  This  limit  la  exceeded  for  yields  loan  Ihnn  alwui  g-  or  fl-KT;  therefore, 
lor  the  lower  yields,  la  replaced  by  (h-h) 

Ireeumatlng  the  change  In  she  relationship  between  I,  ,,  X, ,  and 
X  |  with  change  in  wind  speed,  k,  ,  la  assumed  to  remain  eonatont.  This  meana 
(hat  the  intensity  levels  In  the  upwind  and  oraaswlhd  directions  Increase  or  de- 
urruo  with  I,(j  aa  the  wind  speed  decreases  or  Increases,  in  the  model  for 
fallout  from  atom  altitudes,  only  one  paillolc-elie  group  la  described  na  railing  , 
fwm  a  given  altitude. 


4,43,  la 


The  inverse  of  the  fall  velocity  of  She  group,  from  Eqs,  1, 98  and 


1  tv , 


86,4  ♦  %11  x  IQ*4* 


(5,10) 


Hie  downwind  distance  at  which  Use  particle  group  falls  from  alther  edge  of  the 
atom  la  defined  by  _ 


X  « 


(5,11) 


where  a ,  to  the  stem  radius  at  a,  as  given  by  Rq.  4,31,  and  vm  is  the  wind 
speed,  By  calculating  the  values  of  l/v» ,  X,  and  a ,  for  a  serlea  of  selected 
values  of  a,  It  to  possible  to  construct  a  plot  of  ihe  maximum  and  minimum 
values  of  l/vj  against  X  for  a  selected  wind  veloolly,  When  this  Is  done,  the 
two  value#  of  I  /vi  approach  a  central  value  as  the  wind  speed  increases  amt 
diverge  as  Ute  wind  speed  decreases. 


If  the  location  X#  _a  m  the  center  of  the  downwind  Intensity  ridge  It 
selected  as  Ute  location  at  which  the  variation  of  I  t|  ,  wllh  wlrnl  speed  is  to  be 
estimated,  and  If  It  I*  asaumed  that  an  average  value  of  the  activity  per  unit 
volume  can  be  assigned  to  n  central  particle  group,  then  t,,s  can  lx*  call, muted 


from 


lM  Ka...  <  I  )A,  (kj -m.)  <MH) 

where  l«  the  nverAgn  value  of  the  oommntrntlon,  In  flaalona  per  ou  ft i  Ka>  n(1 ) 
la  (i  oonatftnt  for  ennvoralnn  lo  r/m  fit  I  hr,  |,a  tho  altitude  of  origin  of  thn 
Inrgeel  particle  sir.e  group  arriving  Ht  X,(l)(  anrlV. „  Im  token  no  tho  lowest 
nltlludn  from  which  pnrtlclor  fnll  nt  XgiLI,'  In  tho  yield  runge  of  from  100  to 
00,000  KT,  nnd  for  wind  Npouda  from  7,'fi  to  If)  mph,  tho  dependence  of  t,t  -  /.  H , 
or  A»I|S,  on  wind  speed  onn  be  reprbanntnd  by  ' 

I  (0,111) 

(  ..  ...  ..  . 

where  Ar^.,  and  n  nrn  ylold-dopondent  pnrnmotora,  Thn  vnluo*  of  thcao  two 
pnrnmelers  hoU  lbs  derived  vniima  of  KS| a(i)A|  nrn  glvnn  In  Tnbie  n,t  nt 
aeveral  vnluea  of  wnnpon  yield,  in  rooking  tho  u»)«ul«tlon,  Xl( ,,  la  entlmnled 
from  ■  ’  - 

—  -  —  frS(fl-a»  (If, 147 


Thua  Xg(S  varlea  directly  with  wind' apond,  ainon  oJ|#  la  equal  to  vw/vM  whom 
vt|S  la  the  fnll  velocity  of  the  oenlral  pnrtlcle-alRo  group  ihnl  nrrivna  ni 


Tha  aenllng  ayatem  doacrlbod  nbovn  la  designed  lo  reproduce  rough¬ 
ly,  by  monna  of  the  naaumed  pnrllelo  aourco  geometry,  (I)  the  full  hehnvlor  of 
a  given  pnrUelw-alRe  group,  nnd  (11)  the  vnrlntlon  In  alRo-aprcnd  of  the  group  na 
n  function  of  wind  apeed  nnd  Wonpon  yield,  Thla  genernl  approach  la  repented 
for  other  fill  lout  pntlofin  fonlurea  In  the  following  noellona, 


The  variation  of  Xg  nnrl  X-,  with  wind  apeod  la  nail  mated  by 
multiplying  o#(S  by  v#/l5i  n.  la  naaumed  to  be  indepondent  of  wind.  Tho 
Indicated  change  of  X,  with  wind  apond .  from  the  nsmimptlon  or  n  eonstnnt 
V'tluo  of  k,,»,  la 


i,  103  log 
lM.ii 


(n,i5) 


where  !,(i1  la  given  by  Kq,  ft. IS,  For  Xf  computed  for  the  anmo  video  of  vw  na 
lt|B,  the  value  of  X,  In  Kq.  5,15  la  for  I,  «  I  r/hr  nt  1  hr, 


2. ".fl 


EQUATION  1’AHAMim.H  VAI.UMH  FOH  THK  VARIATION  OF  WITH 

WIND  HPMKI)*  ANH  fUiRIVKI)  VAI.UK8  nF  N*,„  A| 


a,  Wind  apoad  in  mph, 


Tho  pnrtiola«»laa  group  denignHtor,  a  4 ,  for  pnrtlolM  tolling  nt  X4 
la  naaignarl  to  the  group  that  originated  from  tho  canter  of  the  alum,  Thto  group, 
from  F!q.  <Mfl  ii  ipeclfled  by 


and,  given  the  ylald-riepcmdonoe  rtfa  X«  nan  be  aatlmnled  from 


( 8,17) 


If  m,  given  by  Xi/oi*  ,  la  greater  Ilian  BO, 000  feet,  Hie  indioattul 
equation  oonatanta  are  replaced  by  thoao  provloualy  given  for  (he  higher  ftHHudon 


KOI*  wiiiil  apnnria  other  Hum  10  mph,  X4  !“  'HreoUy  propurltumil  in 
thii  wind  spued.  ff  thn  full  veloolly  of  thn  renter  pAvtloln-Nlwo  group  in  dnstgnnlnd 
».n  .  then  I'lij .  n,  1 7  In 


x4  -  ^ilLyi  ■■  .  (ii,  1  h) 

(I  +  *).Z7'SkI0"4-v<) 

Tho  vnrlntloii  of  this  luulnrUlon  rntn  ill  X4  duo  to  thn  nnrrowlng  of  I, ho  pnrtioto 
aUo  with  wind  spend  Is  given  by 

U  *  Km(1)A,^^  (Mil) 

whore  Ar,,,  1m  tho  «pnn  In  iiltltudo  from  which  tho  pnrtlolos  full  to  X., ,  Tho 
vnlun  of  la  given  liy 

_  <r,.uo> 

( 1  +  9 *  2 ?  lx  1  O'"*  v , M 1  +  0 . 

In  whloh  v,  nnd  v#  nro  tho  roapooltvo  vniuoa  of  tholfirgast  find  amnlloHt  pnr- 
Hole  fall  M»»  for  tho  groups  that  nrrlvo  nt  X*.  Thoir  vniuoa  i\ro  riotnrmlnod 
by  tho  mothod  described  for  eatlnintlng  thn  vnrlnUon  of  ll(S  with  wind  apoocl. 
Gnloulatlona  of  An,  for  ylolda  from  1100  to  110,000  KT,  and  for  wind  apooda  from 
0  to  no  mph,  give 

~~  .  ;t."  V  r  1720W0, 04f,/vw  '  (if.aiy 

Also,  It  wns  dolormlmul  Hint 

!)  "  " 

K,(1)A,  ■  B.7Zxin'»W‘,,,0'U'  (fl.BB) 

ao  that,  na  might  I  jo  oapootod,  l,  la  Inversely  proportiunnl  Ip  wind  apontl  nnd 
In  given  by  ■'  ■  C  ' 


J*  » 18.  o/vw  ---  (n.a.f) 

for  vw  In. mph.  This  result  00011  rw  hotinusn  Iho  spun  hwHtltude-of  origin  for 
tho  piu'tlolos  nrrlvlniv  nt  Xt  Is  very  unrrow, 


Tlu<  half-width  of  tho  atom  Ini  lout,  designated  Y « ,  lx  Iho  lateral 
illHlniHMi  from  the  enhtnr-llnn  of  the  stem  pattern  (y  «  o>  to  tho  l  r/hl*  lU  t  hr 
contour,  Iletmuan  of  tho  geomutry  (mod  for  tho  stem,  wlioro  tho  dliimoior  of 
the  upper  portion  of  the  atom  become*  proportional  to  the  cloud  diameter,  tho 
ratio  ¥„/a  in  Assumed  to  vnry  uniformly  with  yield  according  to  ft  function  of 
the  form i  conatnnt  time*  Wft ,  Tho  constant*  wore  evaluated  empirically  from 
observed  ditto, 


For  wind  speed*  other  than  111  mph,  the  r/hr  nt  1  hr  contours  may 
bo  estimated  from 


.YSJ".«in 

io«  *S,H 


where  Y|?  is  the  hall-width  nnd  tg,a  *•  the  ridge  Intensity  for  tho  ID  mph  wind 
spaed,  This  relutlonehlp  assumes  that  tho  logarithmic  slope  from  the  Intensity 
ridge  In  the  y,  or  oross-wlnd,  direction  Is  independent  of  wind  speed.  Thu- 
logarithmic  slope-,  and TU|,a  assumed  constant  for  «  Riven  yield  of  detonation, 
mutts  in  u  slight,  reduction  In  the  fraction  of  the  total  activity  that  is  accounted 
for  in  the  atom  pattern  with  increaalnR  wind  velocity,  since  the  deoronso  In  the 
total  activity  that  la  due  to  tho  decrcaae  in  IM  with  wind  speed  is  not  quite 
compensated  for  by  the  increase  In  tho  distance  X„  =  X?  , 

An  additional  contributing  factor  la  the  neglect  of  any  spread  in 
XB  -  X,  with  wind  speed,  Ths  ovor-sil  error  In  tho  area*  enclosed  Ity  given  con¬ 
tours,  or  In  the  total  activity  In  a  pattern,  by  this  simplified  treatment  of  the 
variation  of  Y„  with  wind  speed,  however,  is  not  largo i  tho  orror  should  docronse 
with  yield  since  the  fraction  of  the  lotnl  activity  In  the  fallout  pattern  thnl  eomes 
from  stem  altitudes  (according  to  the  scaling  system)  dooreuses  with  Increasing 
weapon  yield.  The  ahnpo  of  the  ao-onlled  ground  sera  circular  contours  should 
tend  to  flatten  on  the  sides  and  the  radius  should  decrease  toward  tho  value  of 
Y„  as  the  wind  apeed  inorensw*. 


h.,1.4  IliiLlllitftntUDlo  Fallout-Pattern  Features  for  Fnllout  fro(p  t1|ppd 

AlU-Uhto* 

The  basic  assumption  In  tho  sealing  of  I  ho  cloud  fallout  pattern 
features  la  that  the  distance*  from  ground  aero  to  various  point*  In  the  pattern 
are  approximately  proportional  to  the  height  of  the  particle  cloud  source '  geometry 
The  second  assumption  Is  that  all  variation*  from  a  direct  proportionality  to 
cloud  height  for  triangular  sealing  of  dlstanees,  for  example,  Involve*  a  gradual 


change.  with  weapon  yield,  in  thn  particle  slr,o  group*  Unit.  arrive  ni  n  loon tion 
of  Interest. 


The  assumed  form  of  the  gradual  change  of  the  inverse  fa  I! -velocity 
designator,  rv,,  Ik  W" .  whore  ivJJ  and  n  arc  yield -independent  parameters, 
In  tho  central  «rno  of  fallout  from  cloud  altitudes,  tho  above  assumption*  result 
in  n  distance-scaling  funollon  given  by 

X  *  h,  fid  X  tO'-W0  4^  r»a  ,  W  ■  I  to  iJRKT  (It.ltlt) 


or 


X  *  1 ,6H  x  10“*  W0,  164  rv„ ,  W  *  iiRKT  tci  10* RT 


(15,11(1) 

whom  c»„  :,!■  the  partlcle-alae  designator  for  particles  foiling  Along  n  lino  from 
the  cantor  of  the  cloud  to  X  since  a„  is  equal  to  X/h,  The  distances  designated 
Kg,  X?,  X,,  and  X,  are  scaled  by  use  of  these  funotlone, 

i  .  ■  7 '  '  ) 

For  loostiona  underneath  thn  cloud  and  near  the  upwind  limit  of  the 
fallout  from  cloud  Altitudes,  the  distances  are  better  determined  by  0^  be» 
cams  th#  peak  value  of  A,  (a)  tends  to  shift  towards  umll  an  X  becomes  ■mtill . 
Tho  location  of  interest  In  this  onae  is  the  upwind  point  of  the  1  r/Hr  nt  |  hr 
standard  Intensity  designated  as  X«,  Tho  distance “scutling  function  for  this 
location  la 


. . ,  .  1 

X»  »■  6,  60x10"  W0,  -  l.SOji1.0>W°!,30n  vC0,  ?M  I  4  j. 


W  HtiasKT 


or 


X#  *  l,6HxlO«W0'  1 .  i,dOxlO"WW,:,0n  ■'A  06W°'  ih*  +  p|(  , 


W  *  2H  to  I0#KT. 


(IUH) 


The  scaling  function  for  «„  la  nnsumod  to  bo  of  the  form,  ((»!■  WH,  For  lower 
weapon  yields,  x.  |m  larger  than  «,lu  nt  the  yields  and  wind  speeds  where 
this  occurs,  Jhe  variation  of  X*  with  yield  Is  given  by  Kq,  A , a 5  or  A.UUl, 


ft.Jl.n  Tho  InU'iinliy  |,ihvhIm  ill  I'liltorn  I'iom|.ui,oh  I'm'  Kill  lout  i  (Mouil 

A }  1 1  lllllOH 

I'MnollimH  for  nstlmntlng  tin*  viirlnllon  of  tho  Hlnndiml  InnlKitlnn 
•'ii In,  or  llui  niilliillon  inlniiHlty.iit  llio  mOocUul  ilownwlml  IooiiUouh  nro  derived 
from  llui  iiHMUm|i|,lnii  tlml,  tin  nvnriigo  viiliin  of  AlY  nun  lie  unsigned  in  the 
fwrtltilo  groups  centering  nt  iv„  whore  I, ho  viiJuoh  of  X-o1  h  tiro  miiuiII,  Thu 
nvorngo  viiluo  of  A  „  ( n* )  fur  IIioho  ooiuIIIIoiih  In 


Tlu>  Integrn!  of  A  Jo1  )clrv  In  them  given  by 


(5,  BID 


—  (5,30) 


whom  A ,  In  tho  J^ilnl  iiotlvity  In  the  mi  mo  units  tm  A„,  Aetuully,  tho  nfiproxl- 
mn to  integral  of  A*  (o'  )dtr  mny  bo  nppllyd  to  the  Uivolu  iu  lotmlkms  whom 
Ijoth  X  fi-nd-rv— li-ro  Himllrftii  well  ns  ntlocmUnns  where  tho  mUI-rungo  vnlwo  of 
<v  l«  nimr  ivn,  Thli  application  Is  for  lountlbns  undornimth  tho  ulnud  whom  X 
Is  umnllor  thiin  the  olouil  i'ikIIub,  . 


.  Although  the  values  of  nnd  (vffllr  onn  be  evaluated  from  Kq,  4 i  l  l 
in  to r ms  of  n„ ,  It  is  more  convenient,  for  hand  computations,  to  evaluate  the 
logttrithmUi  term  by  iippriwclmnllng  nnH  rrom 

\  o,^  -  £-±Ji  (h.nii 

1  -  II  -I-  -  — - 7. 


or 


nnr.l 


n'mn  "  <h  *  «/b  ((MB) 


(5,0(11 


or 


•'min  “  On  -  s/ll 
B01 


(3. INI 


variation  of  the  three  |>«  r*n  mnlorn  with  weapon  yield  or  I  w  I  lie  vnrlnllnii  in  <v„ 
with  wind  spend,  Minim  the  lower  limit  of  tv  from  the  stem  model  In  tfn , n ,  mid 
I  he  lower  limits  of  tv  for  the  idoud  model  lire  not  spent  fled  without  eom|dole 
oviiluHlIon  of  A#,  the  value  of  tvlnl||  for  Ineaflons  ul  whleli  o#  '  till  In  taken  to  tin 

O'  min  C'I»III  < n , H5) 


Although  the  sealing  fun  el  limn  for  the  different!  ehnriielerlvdle 
standard  Intonsltlim  at  Inestlons  underneath  the  (timid  where  tv,,  nh(X'  n)  tire 
evaluated  In  Rq .  fl.ll  by  using  tv*  n  for  tv  I, letter  first  ewtlmutes  of  A  „  hm  n 

funotlon  of  tv  are  obtalnnd  when  the  quantity  X  t /  (h-b)  Is  subsl  tinted  for  n'In(l|l 
providing  X  |  is  loss  than  Xj .  The  true  values  of  tvm(ll  for  dll'fe rent  weapon  ylolrin 
have  nolytit  boen  determined.  -  , 


With  tha  nbovB  limits  on  rv„ , 

the  sealing  equations  lor  the 

Intensity 

leynla 

at  the  selected  locations  are 

l,  «  K,  ( 1)  A^m  <1,606  Ii 

'id  0i  . 

iv  i  s  r,  fh 

"(5,  ft.'!) 

ii  ml 

-  ‘  - 

.  - 

1,  ’  K f <  1 ) A „ m  4,6()f.  1 

O«0|  . 

tv i  s n/h  .. 

<d  117) 

whore 

il”  "  "  - 

-  - 

7 - -  -  - - . 

-  - 

•• 

(rv i  -i  n/h)  y/Jih'’ 

t  (fVl  * 

I'  H /••)“  ,,  ,, 

0  Is  —— 

(tv  i  +  n/h)  +  ^Ha/h' 

rirvi  1 

1  H/iv)*’ 

in, hr) 

end 

„ .  .1 

■ 

— 2 —  (fVr,t*  s/h)  +^iilVls"  +  (tvi  + 

l/>\  *  . .  ;'1;  "mmm  I  tV  |  *  «  /  h 

■"  O'  li  it  t^r/iii*  'I-  tV',f  ii  '  ‘  ■  l!„ 


tttwl  tv |  is  «„  i’on  the  dlstanue  X , ,  In  the  ease  of  XR  ,  however,  tv(  is  the  same  ’ 
as  At  X » where  rvw  +  n  /h  Is  miieh  larger  thnn  n/li,  r/i *  rnrluoo*  to 

<v  II  +  M/ll 

01)  - - -  (fldlll) 

tv  n  ~  n/h 


n  i  n 
bHih 


Thu  pRrntmicrH  K.(1)A  ^  m ml  K^da  i« ro  aaaumcd  In  la*  dcpomlonf 
on  only  the  weapon  yield  and  to  have  it  yield- dependence  of  the  form!  conatnnl 
time*  W" .  The  effect  of  the  wind  upon, I  on  I ,  In  iMormtnorl  l*y  the  change  in 
Jog  i|t|  ORUHC'd  by  dm  increase  nr  decrease  In  «,  with  wind  speed,  whloh  In 
(Inter mined  from 


,  ,  it ,  <v  w)  *  (v„  /15J  o,(l»)  (IM1J 

for  vw  In  mph,  The  scaling  function*!  of  a,  with  weapon  yield  were  evaluated 
from  dfttsi  for  »  proaumed  effective  wind  speed  of  IB  mph. 

The  scaling  function#  presented  here  could  he  used  to  evaluate  A„ 
aa  a  function  of  a  as  well  *a  for  the  approximations  that  are  given  by  gq*.  4.tl2 
and  /or  4.50.  Use  of  either  let  would  require  n  anrlea  of  reoomputallona  bf  A, 
to  obtain  a  roaaon ably  good  fit  to  (he  general  altape  of  the  fallout  pattern  down- 
wind  tntnnalfy  profile  and  to  other  pattern  leaturoa.  , 

s.M  33aJtfauOmuffi iim&iu  yama 

The  icaltng  function  for  the  downwind  diatanee,  X,,  to  the  maximum 
pattern  half-width,  Yg,  ia  taken  to  he  similar  to  those  for  X,  and  X  v  The 
partlclnf  roup  designator  for  thin  til  Bianco,  la  taken  to  roproaent  the  catie 

In  Which  tho  maximum  pattern  width  in  moaaured  between  the  I  r  /hr  at  1  hr 
contour*  whoa  the  average  wind  apeod  ialli  mph,  Tor  come  of  the  data  used  to 
determine  soiling  function  parametera,  the  maximum  half -width  wm  found  to  he 
roughly  proportions!  to  the  cloud  radius  as  of  i  to  10  minutes  after  detonation. 

The  croaawind  di  nances  to  given  oontoura  in  the  fallout  aroa  depend, 
first,  on  the  lateral  displacement  of  the  particles  during  the  rise  of  (ho  cloud i 
second,  on  the  wind  dUwwticmii  at  all  altitudes  from  the  bottom  to  the  top  of  the 
cloud*  and  third,  on  the  wind  ipeoda,  Thus,  the  obaorvod  half -width#  reault 
from  the  combination  of  the  throe, 

■  The  wind  apoed  has  two  offocta  on  the  lateral  displacement  of  an 
Intensity  contour,  One  if  the  displacement  or  panicles,  because  of  the  relative 
hori  aorta!  distance  traveled  in  a  given  period  of  time,.  The  other  in  the  decrease 
in  surface  density  of  a  given  at  re  group  with  wind  apeod,  because  of  th«  change 
in  the  angle  of  the  particle  trajectory,  Hew®,  even  for  the  ca*«  in  which  the 
wind  direction  in  the  nnwo  at  all  altitude*,  a  change  in  wind  apeod  reaulta  in  a 
change  With*  maximum  oraas-wind  distance  of  a  given  intannlty  contour, 

In  general,  the  difference  in  direction  of  the  hart  aortal  components 
of  particle -fall  trnflcrtorles,  because  of  the  differences  in  direction  and  lpnod 
of  the  air  flow  from  the  bottom  to  the  top  nf  the  fallout  particle  source  volume, 


Is  called  the  wind  ahear.  Becauaa  of  the  difficulties  in  correcting  fallout- pattern 
data,  and  because  aume  nf  the  ivslleble  data  have  maximum  pattern-widths  rough¬ 
ly  proportional  to  the  oloud  diameters  for  about  the  same  wind  speeds,  tho  over 
all  effect  of  the  wind  shear  la  assumed  to  be  the  aame  aa  for  that  group  of  data. 
The  data,  together  with  derived  restrictions  on  the  fraction  of  the  total  activity 
that  in  carried  by  fallout  particles  within  a  stated  low  Intenalty  contour,  worn  lined 
to  determine  the  variation*  of  Y,  with  weapon  yield,  The  method  uaed  la  given 
In  Section  6,3,7. 

The  variation  of  Y*  with  wind  apeed  (for  a  given  wind  direction)  1# 
determined  relative  to  Y„  for  a  wind  a  peed  of  IS  mph,  The  representation  for 
thia  variation  la 

Y,(v*)  »  Y,(IS)S(v»)  (5,48) 

in  which  8<vw)  ia  the  relative  ahear  faotor  due  to  wind  speed  only, 

The  valuea  nf  s<vw )  determined  from  the  fallout  scaling  system 
parameters  for  different  wind  apeed  a  are  essentially  independent  of  yield.  The 
indicated  value  of  Y«(vw)  ia  for  the  particle  groups  falling  at  tha  downwind  die- 
ianoei  the  aaaoclated  Intensity  contour,  that  passes  through  the  location  at 
Y,  (v„),  X,,  lathe  same  as  that  at  Xa  for  the  aame  wind  speed.  The  intensity 
it  the  looation  it  thus  l  r/hr  at  1  hr  when  the  wind  apeed  ia  15  mph.  Values  of 
S(v„ )  at  aeveral  wind  apeeda,  and  the  associated  intensities,  are  given  In 
Table  6  J. 


Table  6.S 


SUMMARY  OP  THE  RELATIVE  WWD  SPEED  SHEAR  FACTOR,  S(v  w), 
FOR  THE  FALLOUT  PATTERN  MAXIMUM  HALF-WIDTH 
AND  ASSOCIATED  STANDARD  K>NI*ATK>N  RATE, 

FOR  SEVERAL  WIND  SPEEDS 


Wind  Spaed 
(mph) 

*V„) 

>» 

(r/hr  at  I  hr) 

7.6 

1.678 

a 

IS 

i 

i 

ao 

,  0,1*0 

0,71 

so 

0,684 

0,60 

*« 

0,60* 

o.as 

from 


Tho  viiluo  of  Y,|  for  ilio  t  r/lir  nf  1  hr  contour  run  ho  nstimiifod 


With  tho  simplified  fallout  nuHltnn  ayatem  find  tho  atyMaed  downwind 
intensity  profile  it  is  convenient  to  construct  contours  by  using  simple  geometric 
forrhe  which  approximate  to  Rome  degros  the  true  shapes  of  tho  contour*,  nnd, 
within  reasonable  limit*,  account  for  tho  fraction  of  tho  activity  produced  thnt 
fail*  back  to  earth  within  their  area*. 


The  Miurnoti  »hapo  of  the  lnten*lty  tiontou"T  for  fallout  from  *tom 
altitude*  i*  *  partial  circle  haying  It*  center  at  X,  and  an  elliptical  contour 
about  the  Intensity  ridge  whose  major  axis  ia  down  the  length  of  the  ridge  and 
whoae  minor  axiR  la  croeewind.  The  center  of  the  cillipao  la  at  the  intersection 
of  the  circle,  centered  about  Xa  with  the  major  axis  of  the  clltpae.  Thue,  tho 
area  within  the  1  r/hr  at  1  hr  contour  (ltt  mph  wind  speed)  may  lie  approximated 
by  ■'  '  ...  ,  '  '  -  ' 

SA(I)  «■  3.  H(X„  -  X,)r  4  1,671  Y,  ( 1  )<X4  .  ZX8  +  Xj  >  (R.44) 

,  This  approximation  gives  an  undereatimato  of  the  enclosed  area  be- 

cauaa  the  ellipse  la  actually  cantered  at  a  downwind  distance  of  X*  -  X, »  at 
that  point  the  minor  axle  of  the  half-ellipse  is  tangent  to  the  circle,  The  error 
in  the  area  eat!  mate  la  I  argue  t  lor  the  lower-valued  contours  end  for  the  larger 
weapon  yield*,  The  maximum  undereatimato  possible,  for  yields  leas  than  about 
10MT,  is  1  to  8  percent  of  the  tolai  area  of  tho  item  pattern  contour,  hnaud  on 
the  aaaumed  geometric  shape i  the  true  error  involved  la  unknown, 

For  the  atem-fallout  pattern,  the  arcs  within  contours  other  than  tho 
i  r/hr  at  l  hr  contour  can  be  eittmnled  from  the  following  functions,  These 
are  derived  from  the  definition*  of  the  Idealised  three-dimensional  Intensity 
■urface,  The  function*  nrei 

8A(1)  «  3,  H  (X,  «X')*  +  1 .  67  Y,  <X  +  x'  «-4Xg)  (16,416) 
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whom 


X' 

Xa  -  (Z.int/k,  „)  log  (!„,„/)) 

(ft,  411) 

X 

x  (X4  -  X^) 

1 ««  Uu.n/ls » 

(ft, 4?) 

Y. 

(2,m/k„)  leg  (lli3/l,.) 

(ft.4N) 

Z.30.1/ks 

■  V/l°RlStl 

(ft, 4ft) 

where  X'  Is  the  upwind  ditUnoe  between  X,  and  X8,  X  la  the  downwind 
distance  between  X  ( and  X„  and  Y ,  la  the  oroeawlnd  distance  for  the  con- 
tout  ©f  Intensity,  for  I  values  between  I,  and  Ia|,,  The  value*  oi  Y8, 
and  J J  (  arc  those  for  a  wind  speed  of  IS  mph,  ' 

The  alwpe  of  the  i  r/hr  at  1  hr  contour  (15  mph  wind  speed)  for  fall¬ 
out  from  cloud  altitudes  la  deacribod  by  the  smooth  loin  of  two  ellipses  at  X, , 
Yi  end  centered  at  the  point  X(  on  tha  pattern  center  line,  Thtnjpwindiiiif- 
elllpee  for  the  1  r/hr  at  1  hr  contour  (lli  mph  wind  speed)  has  a  major  axis  of 
Y|  and  a  minor  axis  of  XB~X  Mt  tha  downwind  hslf-elUpso  has  •  major  axle  of 
X#“X,  and  a  minor  axis  of  Y,,  Thus  the  area  within  thia  contour  can  be 
•atimated  from 


CA(J)  -  1.57  Y,(l)(Xtt  -  X,)  , 

Per  other  oontourii  the  areas  can  ba  estimated  from 
CA(1>  s  1 ,57  Y  (X  u  X') 


where 


Y  ■ 


Vg  lH  /!> 
log  (1,  /I*) 


(ft,  BO) 


<»,IU> 


(ft, SB) 


(x,  •  x,)iBg  (i7/n 

le>l  {1T /1ft) 


(flxflft) 


1245 


and 


(x„  *  x„»  hi«  <1/1*  > 

x'«  x,  i  - - -  -  ,  is  I*  i  <n  M) 

1«K  (1„  /l  J 

or 

"  xT  -  x„ )  i««  <i/in  i 

x'*  Xfl  4  *— - - - -  ,  ln  *  1  *  17  ; 

'log  tfi /•*)  • 

In  the  above  equation*,  X  la  thn  dint* poo  to  the  intwneiiy  I  farther 
downwind  than  XT,  X'  in  (he  downwind  dinuntiei  between  X,  «nd  x,t  umi  Y  la  the 
eroaa-wlnd  diatanoe,  The  variation  of  the  dial, anon  Y  with  immunity  in  ealcu 
Intad  from  the  aaaumption  that  log  I  deereaaoa  linearly  with  the  diatanoe 
between  the  polnta  (X„0)  and  (X*,Y»),  and  1  in  I.  and  I»,  respectively,  at  the 
two  locations.  The  total  area  within  some  of  the  lower  valued  contours  tor  the 
oombined  fallout  from  both  atem  and  cloud  altitudes  is  less  than  the  sum  of 
8A(J)  and  CA(I)  when  the  two  overlap,  The  Joint  center  of  the  olhpaoa  moves 
from  Xj  toward  X«p  aa  1  _iaj.no reused  from  !«,  For  wind  apoeda  other  than 
18  mph,  I,  and  1(  (at  X^and  Xg)  are  not  1  r/hr  at  1  hr. 

The  activity  produced  by  n  detonation  in  alrttut  I.HkIB11  RW  fusions 
where  W  Im  the  total  yield  in  1<T  and  B  in  the  ratio  of  fiaaion  to  total  yield. 
Some  fraction  of  this  total  activity  la  contained  within  the  fallout  pattern,  If  the 
activity  in  e  , pattern  in  summed  over  the  fallout  area  from  the  central  high  in¬ 
tensities' down  to  a  stated  low-valued  Intensity  contour  enclosing  the  largest 
area,  the  fraction  accounted  lor  inoren  aea  with  yield  ,  An  lend  motion  rate  « 
or  intensity  sum  of  a  fiillout  pattern  made  in  this  way  does  not  account  for  the 
activity  deposited  on  the  ground  at  lower  Intensities  than  lh»  aelocted  "lowest'1 
contour,  nor  dooa  it  account  for  the  fraction  carried  away  on  very  amsll  parti¬ 
cles  ae  world-wide  fallout.  The  aum  of  integration  of  the  activity  over  the  fall 
out  area  can  lie  used,  however,  to  determine  the  fraction  of  the  activity  that  la 
accounted  for,  In  the  fallout  pstterH,  oul  to  h  stated  lew ‘level  contour. 

This  fraction  ia  defined  by 

C(|)K(T)  1,4  X  ipM  ttW  * 

In  which  C(l)  ia  the  true  fraction  of  the  number  of  fissions  accounted  for,  tod 
K(i)(s  the  average  value  of  the  ratio  of  r7br  ei  1  hr  io  the  number  of  fliaiona 
per  unit  area  far  all  the  activity  within  (he  aroa,  a.  The  average  or  accumu¬ 
lated  fraationalion  number,  for  the  radioactive  elemonta  accounted  for,  may  hr 


r 


1.0)  da 


(ft ,88) 


defined  through  K(l)  by 


K<n  •  »q  jV(  I  )k  |°p  ( I 


Wht«n  the  Mtarulnrd  values  of !),  q .  kjfp  (1)  and  k'j(l>,  from  K<(,  5,1  h rn  auljall 
tuded,  Min  activity  Integra!  is 


For  observed  fallout  pattern*,  tho  Integration  la  carried  out  by 
replacing  the  Integra!  with  a  sum,  such  as 


whore  T,  la  determined  from 


(5.50) 


{5,90) 


In  which  tho  designation  J  la  for  tho  successive  daoroaalng  values  of  l,  (1) 
used  (n  carrying  out  the  summation,  and  Aa ,  la  the  area  between  the  contour* 
1 1  and  l1H,  Thin  particular  value  of  F,  results  from  the  asmllognrHhmk* 
approximation  oUhe  variation  with  distance  of  lh*  intensity  profile. 


Tho  activity  integrals  over  the  fallout  areas  obtained  from  tho 
scaling  aystsm  can  be  carried  out,  ualng  the  aaaumod  shapes  of  the  contours 
for  the  patterns  from  the  stem  and  aloud  fallout,  The  neuviiy  integral  for  tho 
stum  fallout  pattern,  designated  A  n  for  the  sum  out  to  U  .  can  be  estimated  from 


A,  -  I, 


6,2*  I. 87 


2(X«  -X, 


+  X™  *  Xy  *  .  -s= 


k,%  hB  I  *,  soi  tog  (4, a/g 


<5.  Ill) 


for  the  cnao  wtiere  !« a  >*  I 


The  netlvtly  intogrnl  for  the  rlnurl  fnllnut  pull  fill,  donlgnotod  Af , 
«nn  ht*  entlmntfld  from 


,  l,M4 

a,  ■ 


r*  (iSsHW  '■  {0<4- 


I'M  I7  -  ln  )  ■  In  ton  (ly  /Jn)j 


.  0,  6H22  Ya!« 

f  -Tsnr1^  11 


2  toa  ♦  0,  H6H 


(n.lii) 


♦  tl0«  ii'/1b)  '  l0«  +  °' H6H1  15  *»  ■  *»} 


for  Iho  onao  where  l„  >  > 


The  dependence  of  Yp  on  wlntl  npeed  la  determined  from  tlimae  oqun- 
tlona  by  computing  the  values  of  iho  various  distances  and  Intensities  at  several 
weapon  yields  and  wind  speeds  and  then  idl  vlng  for  Y*  by  keeping  Iho  auhTnf 
An  and  A0  constant  for  a  given  weapon  yield,  Thia  proooduro  keeps  constant' 
at  leait  approximately,  the  fraction  of  the  total  activity  that  la  carried  by  particle 
groups  of  a  given  minimum  alas,  The  Integration  la  carried  out  to  the  low  Intenal- 
tio«,  ly  and  In,  whose  dependence  on  wind  speed  Id  the  name,  ao  that  the  limit 
of  Integration  in.  In  fact,  changed  with  wind  speed,  The  lower  Intensity  limit 
ueed  la  the  1  r/hr  at  1  hr  for  a  wind  apeed  of  IB  mphi  thie  deflnea  the  particle 
groups  that  are  Involved  In  the  Integral!  for  other  wind  speeds, 


..  •  u  ' 

The  sealing  function!  given  below  contain  constant*  avaluatod  from  observed 
fallout  pattern  data,  The  number  subscripts  correspond  to  the  notatlona  given 
In  Figure  6,}  on  the  descriptive  plot  of  the  etandard  Intensity  profile  for  the  lino 
directly  downwind  from  ground  aero.  The  functions  apply  to  an  effective  wind 
apeed  of  18  mph  and  for  a  surface  burst  of  100  percent  fission  yield,  All  dlelnnoos 
are  In  faint, |  all  Intensities  arc  in  r/hr  at  1  hr)  and  the  yield  la  in  KT, 

The  scaling  Tunot Iona  for  the  &  vnluou  n rot 

log  s  »  -0.50(1  +  0,07(1  log  W  ,  W  *  1  to  10- KT 

log  -  0,370  +  O.DSI)  log  W  ,  W  i  t  o  lO^KT 

logo,  »•  ..0,170  t  0,033  IngVV  ,  W  -  J  to  10#KT 
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*  w  *  88  to  ltfKT,  fl/i»  If  ft/h 
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*  4.801?  +  <1,800  log  W  ,  W  "•  SR  mi  10  KT 

•}  ■'  ■ 

log  Ki  »  8  J6S  +  O.Bflfl  log  W  ,  W  *  1  Iq  SRKT 
»  4,388  +  0,305  iog  W  ,  W  -  8R  to  IfPKT 

U  . 

log  Xu  "  4,008  +  0.006  log  W  ,  W  ■  1  to  SRKT 

■  4.410  +  0,315  log  W  ,  W  ■  SRtolO^RT 
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Value ■  of  Y,  for  yiaHIa  olhar  than  those  given  oan  be  obtalnod  from  ft  plot 
of  th*  Hstod  values  ftgftinat  yield.* 

The  soiling  functions  for  the  high  intensity  ridge  nonr  ground  mpo,  Uw 
intensities  at  the  shoulder  in  the  oloud  pattern,  and  the  Intonsttloa  of  the  down¬ 
wind  pattern  features,  aret 


log  Ipr.v  “  h1(j(Xj- X |)/8,80Q 


where 


log  k,  .  ■  9,808  -  0,404  log  W  ,  W  ■  1  to  9R-KT 

'  ¥  a, 000  -  0.007 Tog  W  ,  W  •  98  to  10*»KT 


*  See  Tables  5,3  above  and  5,3  below. 
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The  values  of  the  fallout  pattern  features  from  tb*  above  scaling  functions 
ere  given  In  Table  3,8  for  several  weapon  yislds, 

The  scaling  function*  for  at  end  K t (l) Ae  derived  from  the  saaling  system 
suggest  that  (l)  the  distribution  of  the  activity  in  the  different  partigle-else  group* 
tends  to  broaden  with  yield,  end  (8)  the  distribution  shifts  to  smeller  particle 
slsee  with  Increasing  weapon  yield,  Because  the  highest  Intensitis*  ere  near 
Xv  the  partlole-elee  groups  having  the  highest  value  of  A  are  those  of  the 
Siae  group risilgnatsd  by  a,,  Non*  of  ths  more  complicated  fallout  model*  in  use 
st  the  preeent  time  oonsldere  a  change  with  yield  in  either  the  eolivity  partiole 
aise  or  the  activity  fall-velooity  distributlone,  bh  this  result  suggests. 

Ths  product  (r(l)  +  0,08)0(1)  for  ths  sealing  system  varies  from  about 
0,4  to  0,8  bstwsen  l-KT  and  10"  -KT  (far  integrations  out  to  thsl  r/hr  at  1  hr 
contour),  These  results  indicate,  at  least  for  the  larger  yields  where  the  fraction 
of  the  activity  on  the  ground  but  outside  the  1  r/hr  at  1  hr  contour  la  very  small, 
that  both  the  over -all  fractionation  and  the  fraction  contributed  to  world-wide  fill » 
out  dsoreass  with  increasing  yield,  These  indications  are  in  accord  with  ( 1)  the 
shtft  of  the  activity  partiole  tisd  distribution  mentioned  above,  and  (8)  the  slower 
aaoling  of  th#  fireball  with  yield,  Both  factor*  should  contribute  to  *  mors  com- 
pletcioavsngJng  of  the  vaporieart  fission  product*  by  soil  particles,  For  comparl- 
*on  with  similar  values  in  Jj}£Wand  othsr  publications,  ths  valus*  of  Ofi)K(l)  in 
terms  of  r/hr  at  i  hr  per  KT/Iq  mi  for  th#  si*  selected  yields,  1  to  10B-KT,  are 
880,  1140,  iaS05  1330,  1430,  end  1800,  respectively, 
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|IJugjr|Uy5  Computations  for  t.h«*  Use  of  thy  WlrnpUflod  Fallout  Boajlng 


Tho  use  of  lb#  scaling  functions  and  of  the  simplified  fallout  scaling 
system  ii  illustrated  In  this  section  by  some  calculations  for  *  l-MT  yield  sur¬ 
face  detonation,  The  first  step  in  constructing  the  Idealised  contours  is  to  plot 
(or  compute)  the  intensity  profiles  along  the  center  line  of  the  pattern  as  jog  l  (1) 
against  distance,  The  second  step  is  to  compute  or  read  off  the  distance*  from 
surface  aero  to  a  pre-selected  set  of  contour  values,  The  third  step  is  to  plot  or 
compute  the  setnilogarithmic  Una  from  ii |(l,  0)  to  (l,  Y,)  for  the  lateral  loca¬ 
tions  of  tha  contours  for  the  stem  fallout  (sae  Eqs,  9, 44  to  6, 49), 

The  fourth  step  is  to  construct  the  stem-fallout  pattern  by  marking 
on  a  rectangular  grid  the  noted  distances  to  each  contour  along  the  line  y  *  0, 
The  "ground-aero"  circular  portion  of  die  pattern  la  then  drawn  in,  by  flrat 
drawing  the  appropriate  circles  centered  at  X(  and  then  closing  them  to  (he 
lateral  distances  taken  from  the  t.j-  Y,  plot,  At  thie  point,  the  contours  are 
drawn  parallel  to  die  X-axis  and  closed  (with  sit  elliptical  shape)  U  a  common 
point  occurs  on  the  X-axis,  The  remainder  are  extended  to  shout  the  distance 
to  the  lowest-valued  closed  contour. 


Qjto  ajfp  to  to  draw  or  oomputo  (he  Mmilonpriilunio  line  from 
Hx.’-kJ*)  to  determine  the  contour  locations  between  (X^  0) 


and  <^,Ya).  If  the  distance  between  these  two  locations  is  designated  D,  and 
the  distances  from  (XT,  t>)  to  tho  selected  oontoura  are  DV  then  the  lateral  dletanoe 
to  eaahone,  Y,  is  determined  (ram  £>%/D  «r  directly  from  Bg,  Ml.  The 
oorreaponding downwind  looatton,  X,,  is  X.4  Dl(Xa-Xv|/D  er  XfMX^X,) 
<Y/Y J*  These  are  the  points  through  which  the  slliptjca!  oontoura  of  the  cloud 
fallout  pass, 

The  farthest  upwind  locations  at  X',  0  are  read  from  the  Uttenelty 
profile  between  X,  and  X,  or  computed  from  Eqs.  5,94  or  MB.  Tho  upwind 
half -ell  Ipse  ia  given  by  the  equation 


Ls_JL*)*w  7-4  .  J 

C,  -  X'J*  *  Y1  1 


The  downwind  half -ell  ipse  is 


(5,64) 


In  whioh  X  in  lh«  downwind  distance  to  the  contour  between  X„and  X,(eee 
Rq.  §,63).  The  vurlous  intensity -distance  line*  and  proftiea  for  the  t-MT  yield 
are  shown  in  Figure  6,3;  the  contours  derived  from  them  are  shown  in  Figure  6.3, 
with  the  distances  converted  to  statute  miles, 

The  pattern  of  F!|ure  8  8  is  in  many  respects  quite  different  from 
those  described  in  ENW,  Table  8.4  gives  e  few  comparisons  of  the  two  derive* 
lions  for  the  i-MT  yield, 


Table  8,4 

COMPARISON  OF  FALLOUT  PATTERN  DATA  FOR  A  L-MT  YIELD 
OBTAINED  FROM  THE  IIMPUFIED  SCALING  SYSTEM  FUNCTIONS 
AND  FROM  THE  ENW  METHODS 


?  -  T "  ,  .  .  1 

' 

..i 

• . - .  .  -  -..J 

Dtotanee  in  Kile*1 

Simplified 

Syitem 

ENW 

Method 

Upwind  Dietanoe  to  1  r/hr  contour 
Downwind  Distanea  to  1000  r/hr  oontour 
Dpwnwlad  Distsnoe  to  100  r/hr  oontour  ; 
downwind  DUteiwe  to  10  r/hr  contour 
Minimum  Half-Width,  1  r/hr  oontour 

6.S 

68 

1SI 

ISO 

as 

a  '  Wind  apomTof  Lfi  mph.  - 

The  major  pattern  features  not  reoogntned  in  the  ENW  eeallng  method 
are  the  observed  presence  of  the  major  downwind  peak  and  the  corresponding 
rapid  broadening  of  the  patten  in  the  regtoa  of  this  peak,  Also,  the  hues  fiwund- 
aew  droit  obtained  by  the  ENW  method  dote  net  scrag  with  observations  for 
yield*  (fester  than  a  few  KTi  theta  two  scaling  systems  should  give  pattern* 
most  nearly  alike  for  yields  la  the  region  of  l-KT,  Comparisons  of  the  fallout 
pattern  featurea  calculated  from  the  simple  scaling  system  presented  hero  with 
those  from  other  fallout  models,  ere  discussed  further  in  Sec  don  8,6. 


s  so 


n.B.a  in 


Th«i  method  of  estimating  the  limes,  rales,  nnd  duration  of  fallout 
arrival,  and  the  resulting  exposure  closet,  Is  Illustrated  liy  calculations  for  the 
1«MT  ytold,  Two  locations  are  selected,  one  at  the  downwind  distance  of 
3. 36x10'*  ft  (fl.a  mllea)  and  the  other  at  1.87xlOfift  (an, 4  milesh  both  are  on  the 
center  line  of  the  Ideal  iced  pattern,  The  standard  intensity  at  both  those  lo¬ 
cations  is  bOOo  r/hr  at  1  hr,  At  the  shorter  distance,  essentially  all  the  fallout 
comes  from  stem  altitudes!  at  the  greater  distance  it  all  arrives  from  cloud 
altitudes,  Different  methods  are  applicable  to  the  two  oases i  the  one  for  the 
fallout  from  cloud  altitudes  is  described  first, 


To  make  these  calculations,  estimates  of  Au  as  a  function  of  a 
are  required  in  order  to  evaluate  the  integral  of  A*  (<*)  as  indicated  by  Eqs,  4,8 
to  4.11.  From  Eqs,  4,22, 4,68,  and  4,76,  the  first  estimate  of  A#  is  given  by 


A  6. 17x10*  1,(1) 

*  Tr,(TT+"oroiqlJ 


(5,65) 


However,  since  r„(l)  la  not  known,  and  since  the  term  (r„(l)  +  o.oitt)  will  oan- 
o*l  out  in  adjusting  the  integral  of  A,(w)  do  to  2000  r/hr  at  1  hr,  ft  is  convenient 
to  replace  the  mult  ipli  nr  011,(1)  with  the  turn  giant,  1/K„(1),  so  that 


K,(l>  «  1,  62x10**  [r,  (1)  *  0,  019 


r /hr  at  l  hr 
fission /cu  ft 


(8,66) 


In  the  first  estimate  of  the  distribution  of  K.(l)Aft  with  u ,  the  a  for  a  given 
value  of  1,(1)  1#  taken  to  be  equal  to  X/h,  The  dtetribution  curve  for  KB(l)Af, 
Is  shown  in  Figure  6,4, 


The  computations  for  o  n  mM,  hs ,  hi ,I7,"KiWA»M,  ww* 
KU(1)A„  (<*)/&  t  are  summsriaed  in  Tsble  6,6,  The  values  of  Kn(l)AM(u)  are 
plotted  in  Figure  6,6,  The  peak  value  le  noted  to  occur  at  an  a  of  about  3.1, 
which  it  less  than  the  value  ofau  *  8,686  for  this  distance,  The  integral  under 
the  curve  is  Kfl(l)A,  *  a.sexio’1  r/hr  at  1  hr-ft,  and  A„  is  8,98x10"/  |rH(l)  +" 
0.01® I  fissione/eq  ft,  ' 


The  calculated  standard  intensity,  from 


r„(l)  +  0,  019  A, 
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1,(1)  *  3,  90xl0-)3 


(5,07) 
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VARIATION  Of  K0(1)A  (<*J  WITH  n  AT  * 
AND  A  WIND  5PB8D  OP  1IMPH 
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in  MHO  r/hr  nt  I  hr.  This  viiluu  in  nlwul  7ft  porounl  of  tho  imHorn  vnliiu,  U000 
r/hr  nt  1  hi1.  In  order  to  mnkn  tho  imlimlnllon  more  okiwI,  tho  diotrltnitloii  mirvo 
of  K„(l)A(i  should  Im  increased  nhput  111  percent  for  iv  values  botwoon  Si.rt  and 
5.0.  However,  since  similar  calculation#  it*.  several  iidillllonui  locations  would 
l»  required  to  make  a  complain  second  estimate  of  K„(L)An  and  alnce  tho  no 
have  not  yet  been  done,  no  correction  ti  marie  In  K,, (l)A)r  for  thin  Illustration, 
fnalend,  the  correction  was  applied  ns  a  single  multiplier  to  the  final  vntuoM  of 
UD 

Tho  times  of  fntloui  nrrlvul,  I, ,  and  of  ouMantlnn,  tr,  wore  Inortvnsod 
by  0,18-hour  (8  minutes)  to  aooount  for  the  time  of  cloud  formution.  The  time  of 
arrival  Intervale,  shown  In  Figure  (1,0  ae  a  function  of  rv,  form  a  cloned  loopi 
this  curve  la  used  to  provide  the  range  of,  t\  groups  that  are  landing  at  any  given 
time.  The  rale  of  arrival  of  the  radioactivity  carried  by  each  w  group  In 
Figure  8.7  ehowi  the  highest  rate  of  accumulation  for  the  larger  particle*  (those 
having  tho  lower  a  values), 

The  activity  arriving  at  any  given  time  le  the  sum  of  that  being  de¬ 
posited  by  all  the  tv  groupe  that  are  landing.  The  indicated  summation  in  ahawn 
in  part  of  Table  5.G. -Fleet,  the  sum  under  the  curve  of  Figure  8,7  wao  obtained 
by  Humming  the  arena  of  reotanglea,  Thin  wan  done  by  reading  the  midpoint*  of 
each  0,08  increment  of  iv  and  accumulating  0,08  times  the  values  directly  on  an 
adding  machine,  The  tv  ranges  for  aeleoted  values  of  the  time  were  taken  from 
Figure  B.o  and  tho  differences  In  the  summation  to  the  respective  values  of 
cvm„  and  ami„  arriving  at  each  time  wore  then  calculated  by  direct  Interpola¬ 
tion  of  the  summation. 

The  total  rate  of  arrival  shown  In  Figure  8,8  reaches  Its  maximum 
at  about  8,8  hours  after  detonation,  The  elimination  of  the  activity  under  this 
curve  le  O.OlxlO1'  r/hr  at  l  hr-ft,  which  Is  In  agreement  with  the  summation  of 
Kn(i)A*(0),  The  l„(l)  values  were  obtained  by  adjusting  the  total  to  8000  r/hr  at 
1  hr- and  adiuatlng-aU  the  other  value*  by  the  same  factor,  The  decay  correction 
raotora,  d(t,t),  were  oaleuluted  from  the  data  of  Figure  11,2  (see  Volume  II, 
Chapter  U),  which  Includes  the  contributions  of  about  0,1  atom*  of  11-900  pro¬ 
duced  at  nero  time  for  each  fission  svent,  The  product,  I,(l)d(t,i),  Is  the  value 
of  lH<t)  at  each  time  after  fiieian. 

The  maximum  observed  intensity  indicated  Is  483  r/hr,  occurring 
nt  3  hours  after  detonation,  Ths  shape  of  the  intensity-time  curye  Is  shown  In 
,  Figure  8,9,  The  exposure  dose,  ,  is  the  eummntlon  under  this  curve  times 
i.uili  this  factor  corrects  for  tho  Instrument  response  contained  in  the  values  of 
MD, 


The  dose  accumulation  (true  air  Ionisation)  over  terrain  such  as 
exlstod  nt  tho  test  sites  la  444  roentgsns  up  to  lime  of  cessation  {3.11  hours), 
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TIME  OP  ARRIVAL  OF  THi  VARIOUS  PARTICLE  OROUPS  DESIGNATED  BY 
FOR  A  WIND  SPEED  OP  IS  MPH 
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VAR!  AT  ION  OP  IONIZATION  RATH  WITH  TIM!  AFTBR  PRTONATION  AT 
X  "  1,87  *  10s  FT  FOR  W  •  10*  KT  AND  A  WIND  8PIID  OF  18  MPH 
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From  the  decay  curve  of  Figure  11.2  (nee  Volume  II,  ('Implcr  II)  Iho  lot n  1  expo- 
Mill'd  (lOHO  IN  4  340  roentgens  Hi  'lit  llOII I'M ,  IKIHO  l,OI>nlgOl1N  III  I  Week,  llllll  8470 
roentgens  lit  0,3  years  (lhl«  1»  Hu1  ho "t'M llinl  Infinity  iIoho), 

The  oontrllnillnn  In  tho  flour  rate  from  airborne  noilvliy  cnn  hr  esti¬ 
mated  If  II  l*  assumed  Hint  tho  fractionation  o  lino  I  on  A,  cancels  Hint  In  A^, 

The  doso  rein  from  the  nlrborne  material  should  be  proportional  to  the  rate  of 
deposition  of  tho  activity,  so  thnt  If  It  In  computed  for  one  time  the  contribution 
Rl  other  times  should  bo  proportional  to  K „  ( l ) A „  /A  t,"  Tho  lime  selootod  for  tho 
calculation  was  a, II  hours,  tho  11  mo  of  maximum  fnllout  deposition, 

At  this  time  the  arriving  particle  groups  have  a  vnluoe  between  0,74 
and  4,10  (poo  Table  3,fl).  From  Figure  it. 4,  the  integral,  or  summation  of 
Ka(l)Aad^,  between  these  «  values  l*  2,90x10"  r/hr  at  1  hr t  Increasing  thla 
by  01  percent  to  correspond  to  the  adjusted  deposit  level  gives  8,S0xtoLr/hr 
at  1  hr  (observed).  If  (r,(t)  +  O.Otf))  la  asaumod  to  equal  unity,  and  the 
value  of  A  t  K|  Is  taken  ns  that  for  unfractionated  fission  products,  then 
the  Integral  of  A^d  a  in  Rq ,  4.73  is  8,38xtOn  fisslons/ou  ft,  and  AjE*  Is  4.4x10"® 
Msv/uso/fisslon,  Thsas  values  glvs  a  dose  rate  of  D.9  r/lir  at  0.3  hours. 

The  contribution  to  the  ionisation  rntc  at  8  foot  above  tho  surface 
from  the  deposited  material  at  this  Urns  of  0.3  hours  Is  018  r/hr,  giving  a  total 
Ionisation  rate  of  agw  r/hr,  The  airborne  contribution  at  a, 3  hours  Is,  therefore, 
about  4  percent  of  tho  total  Ionisation  rate,  Mowovor,  at  1,9  hours,  Just  as  the 
fallout  la  beginning  to  deposit,  the  airborne  Ionisation  rate  Is  about  2,4  r/hr  or 
just  over  30  percent  of  the  total,  It  is  seen  from  Table  3.0  that,  at  0,3  hours, 
the  summation  of  K,  (1)A*  /At  la  slightly  less  than  thla  value  and,  since  tho  same 
Bum  mat  ion  would  apply  to  tho  Ionisation  rate  from  airborne  material,  the  total 
exposure  dose  from  this  aouroe  would  be  loss  than  9.9  roentgens,  Thla  la  about 
0  percent  of  the  total  exposure  dose.  ThoreforcrSt  this  selootod  location,  the 
airborne  material  la  not  an  important  contributor  to  the  total  exposure  dose, 

The  flrnt  atop  In  making  estimate*  of  the  arrival  tlmea  of  the  vsrl- 
oua  particle  groups  and  the  resulting  dose  rate  from  stem  fallout  Is  to  compute 
tho  values  of  and  rva#,  at  several  downwind  distances.  The  a  values  are 
plotted  against  distance  and  read  off  at  selected  distances  as  required  to  make 
the  first  estimate  of  the  distribution  of  A^  as  a  function  of  a.  To  make  thla 
estimate,  Bq,  4,30  is 'pawl,  in  the  form 

K„  (I  )A^[  ■  I,,  (l)/(f'w.  "  f*mln  I  (3,88) 

whore  14,(1)  Is  assumed  to  bo  constant  In  lieu  of  Information  on  tho  dependence 
of  r„  (UA'p  on  ft,  The  avorngo  parllclcalac  group  Hi  a  given  downwind  distance, 
tv,  la  calculated  from  (rvm,„  ^  n.^u)  /A, 


271 


The  values  of  o',,,,,,  mill  o’,,,,,  id  various  downwind  dlslimoos  urn 
moBl  easily  determined  by  enleuliitlng  thn  vnliiom  of  n„  nnrl  rv  for  different  values 
of  a  by  Hit'  of  4, 111  nnd  4,411  nnil  then  from  I0q.  4,112,  eomputlng  thn  dlalnnee, 
Tho«Biii|uiil,lonn,  I'ur  a  J-MT  yield  detonation,  are 


log  *»  -  '.2f)l  I  2,72x1(1-  "is,  (ri.llll) 


lion  I  0.020  V, 

TIMTHWI  111,  •irillll  II  llwmiWIMWII  — 

2H,'.M10 


(0.70) 


and 

X  *  rv/,  *m,  .  ..  (0,71) 

Thn  values  of  »mln  and  rvinai(  obtained  from  those  throe  equations 
am  plotted  In  Figure  5,10,  The  computation  of  the  first  nstlmnto  of  K,  (l)A^ 
bb  a  function  of  IT ,  which  in  shown  In  Tahle  5.7  and  In  plotted  In  Flgurn  5,11,  was 
matin  by  use  of  the  \(\)  vnlue*  of  Figure  5,3,  Tho  oilrt  shape  of  the  distribution 
near  iu  maxi  mam  In  due  to  the  assumption  In  the  Boallng  system,  that  the  top  of 
the  activity  rlrlpfn  la  lint  from  X ,  to  X  ,,, 

The  time  of  fallout  arrival  and  the  distribution  function  of  Kf  (If  A^ 
should  not  he  applied  to  distances  Ion*  than  11  „ ,  which  In  aboutjattOO  font  tor  thn 
1-MT  yield  i  however,  K  „  (1) should  approach  r.oro  bn  rv  or  Tv  approaches iwro, 
These  cUatancna  will  not  ho  of  much  Internal  lor  estimating  fallnul  arrival  times. 
Nlnoo  Ra  In  approximately  equal  to  the  crater  radlua, 

For  thn  illuatrxUve  computation  or  tho  arrival  rato  of  fallout  from 
item  altitudes,  thn  standard  Intnnalty  of  200Q  r/hr  at  l  hr  wea  again  selected, 
For  tho  atom  fallout,  this  Intensity  oeoura  at  X  *  1,115x10*  fool,  or  8,3  miles,  nnd 
y  -  0.  The  time  of  arrival  of  each  particle  group,  selecting  15  mph  for  tho 
wind  ipetirt,  can  be  oitlmateri  from  Jqi.  4,flg  and  4,34.  For  thn  l-MT  yield, 
these  arrival  times  asm 


and 


I  .  -  0.05HI  [log  (fV  t  0,020)  I  I .  I  R Jt] 
,2 fax  ft)"1*  rv{2H,9Q0  rv .  1 000) 


I  #  * 


(w  +  0,020) 


(5,73) 

(5,73) 


ror  thn  time  In  houra,  7110  group  arrival  time  Is  thn  sum  of  t ,  nnd  t  r  (neglecting 
the  delay-time  duo  to  clrnulnllon  fn  thn  fireball).  1  rnm  figure  5, 10,  at  thn 
aolootod  dlstnnne  of  8,3  mllns,  rvmln  is  0.00,  and  rvmaa  Is  1,00.  The  arrival 
tlmn*  for  those  groups  arid  for  particle  groups  with  Intermediate  values  of  rv, 
the  calculated  aellvlty  su  a,  and  the  calculated  ionisation  rates,  nre  shown  in 
Tnldo  5.8. 
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ADTIMNB  AND  DOH1,;  UATKS  HUIUNO  Till*:  I’A l.l.OUT 
,8  HU  AT  TIIK  DOWNWIND  DIHTANOI1!  <!!•’  II, II  Ml  DUN 
\  1-MT  Yll". 1,1)  BlIRPAGK  DETONATION 
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In  liiis  computation,  K»  (I)Ah  is  tho  summation  nr  l<fc  (1)/V  over  the 
ft  InoroimmlH.  Tho  summation  In  mucin  hy  runding  off  tho  midpoint  values  of 
K„  (1) A  for  onoh  (l.orwv  increment,  multiply tni{  hy  0.015,  and  summing,  Nlrteo 
tho  model  ih  wot  up  for  tho  arrived  of  only  ono  cv  group  nt  n  limn,  tho  aummntlan 
can  (in  miiilo  hy  UHlng  eithor  o  or  tho  arrival  tlmo  it  a  tho  Indopcmtlont  variable, 

Thi*  procedure  actually  utilises  tv  m  a  designator  for  it  group  of  particles  of  n 
finite  pnrtlclo  slice  range  In  which  tv  may  ho  considered  tp  ho  iho  designator  for 
the  average  or  median  slice  of  the  particle*  lit  that  group, 

The  summation,  K*  (1)A, ,  up  to  tho  tlmo  of  rollout  cessation  (0,(53 
hours),  gives  a  value  of  2 ,*16  r/hr  at  l  hr  rather  than  the  Honied  value  of  2,000 
r/hr  nt  1  hr »  hence  the  second  estimate  of  K*(1)A  n  for  a  values  between  O,0() 
and  1,60  would  he  71  percent  of  the  values  of  K„ (l)A„  shown  In  Figure  5.11. 

Sines  the  other  calculations  neoeisary  for  adjusting  the  whole  distribution  curve 
have  not  yet  been  msde,  all  th#  Kk(1)Ax  values  were  multiplied  by  0,71  to  obtain 
the  appropriate  values  of  1,(1),  The  decay  correction  factors  wore  obtained,  as 
before,  from  Figure -11 ,9,' 

Tho  variation  of  the  dose  rats  with  time  after  detonation,  at  the  o  a 
mils  distance,  is  shown  in  Figure  8,12,  Since  in  this  case  fallout  has  stopped 
before  H+l,  the  curve  peseta  through  the  3,000  r/hr  at  1  hr  point  at  1  hour 
after  detonation ,  Because  of  the  rapid  rate  of  arrival  of  the  larger  particles  and 
tho  rapid  decay  rite,  the  intensity  rises  very  rapidly  to  a  peak  of  about  6,400 
„  r/hr  nt  about  0,06  hours,  hi  the  cloud  fallout  case,  by  contrast,  the  peak  intensity 
la  relatlvaly  nearsr  the  time  of  fallout  cessation  and  the  rate  of  build-up  Is  not 
nearly  as  rapid, 

The  summation  of  the  area  under  the  I,  (t)  curve  wae  made  by  using 
0,02  hour  increments.  The  sum  to  0.80  hour  is  770  roentgens \  tl)u  exposure  dose 
Itself,  therefore,  is  1,080  roentgen*,  At  1  hour  the  exposure  dose  would  to  8  t»0O 
roentgens  t  at  41  hours  It  would  Increase  to  1,160  roentgens  i  at  3  weeks  the  expo¬ 
sure  dose  would  bs  11,000  roentgens i  and. at  about  8  years  (the  Infinity  dose)  it 
would  inoreaee  to  18,600  roentgens, 

The  most  rapid  arrival  rule  occurs  at  the  beginning  of  ftillout,  Tho 
contribution  of  the  airborne  activity  to  the  dose  rate  at  this  time  shpuld  to  at  a 
maximum,  It  oan  to  estimated  by  use  of  Rqs,  4,78  and  4,73,  if  the  fractionation 
1«  assumod  to  oanoel  between  A  ,  Is,  nmlK,  (i)A,  and  if  <r„  (X)  i  o  uiuxi*  sot  uquul 
to  unity,  The  average  value  of  ill, Alt  (!,e.,  for  the  corrected  values  of  K,(I)A,) 
from  0,1)015  to  o,ai4  hours  Is  about  2, 05x10*  r/hr  nt  1  hr  per  hour,  Using  11,0x10" 1S 
r/hr  nt  l  hr  per  flssion/sq  ft  for  K,  (l),  the  value  of  dA„/dt  Is  5,8(lxlO,(rf|ssionB/ 
■q  ft-hr,  At  the  mid-time  of  the  time  Interval,  particles  with  an  ft  vnluo  of 
0,oaa  nro  nrriving,  so  that,  with  a  15  mph  wind  spootl,  tho  value  of  A„  of 
Eq,  4,73  for  those  particles  is  d.i4xlo"  riMaionn/uu  ft. 
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Flgur#  M2 

VARIATION  OF  THE  IONIZATION  RATE  WITH  TIME  AFTER  DE 
X  -  131  ■  I0'1  FT  FOR  W  ■  lO1  XT  AND  A  WIND  SPEED  OP 


400a 


Thu  imloiiliitlotin  uf  LiiHIvlm'o1  give  A,  1*!,  nl  t),,'i7'l  huuret  us  3.5x10"* 
Mov/suo-flsslon,  Uhu  of  IhuMn  vuluni*  in  Ki|,  A. VI  gives  *.(>  t’/hr  iM  0,117*1  hours, 
Since  this  Is  nbnul  the  maximum  iilrlmrno  oonU'lbuUun  tn  the  lonl  within  rutc  lie  - 
cause  of  the  rep  Id  ruin  of  full  mid  of  Huouinuluthin  of  particles  on  the  ground, 
the  contribution  of  the  iili'lmrno  activity  to  the  total  dose  during  fallout  at  this 
ioootion  is  negligible, 


r>,fi,n 


Method  for  Estimating  the 
Location 


The  purtlole-siKC  range  of  the  fallout  at  a  given  location  or  locations 
Is  an  Important  consideration  In  the  design  or  fallout  shelter  ventilation  systems 
as  well  as  In  the  planning  and  execution  of  decontamination  operations,  For 
purposes  of  conducting  realistic  and  meaningful  experiments  In  decontamination 
and  In  shelter  design,  methods  for  estimating  likely  particle  sues  are  necessary 
for  the  preparation  and  use  of  fallout  simulants, 

I  The  simplified  fallout’ system  scaling  functions,  together  with 

particle  fall-rate  data,  can  be  used  to  estimate  the  partlole-sUe  groups  that  fall 
at  any  given  downwind  location,  Further,  they  can  be  used  to  make  ostlmstes  of 
the  fraction  of  the  activity  that  Is  carried  by  the  different  Rises  of  particles  that 
fall  from  both  atem  and  cloud  altitudes.  This  Information  could  also  be  used 
in  the  more  sophisticated  computer  programs  for  estimat'-"*  fallout  depositions 
Under  meteorological  conditions  other  than  those  of  uniform  wind  speed  and 
direction,  -  • 

Because  the  fall  velocity  of  a  particle  of  n  given  else  varies  with 
altitude  in  falling  through  the  atmo*ph«r*,  the  designator,  tv ,  of  it  given  fall  _ 
vector  represents  a  group  of  particles,  with  a  spread  In  diameters  that  depends 
on  both  the  thickness  of  the  cloud  and  the  altitude  from  which  the  group  falls, 

In  Figure  5,13  the  site  of  epheriesl  particles  falling  through  a  standard  atmos¬ 
phere  from  various  altitudes  is  plotted  as  a  function  of  vector  velocity,  These 
curves  were  prepared  by  D,  E,  Clark  from  date  provided  by  A,  D,  Anderson,* 

The  estimated  diameters  of  the  particles  falling  at  X  -  1,87x10*  feet  and  nt 
X  ■  9,35x10*  feet  for  the  i-MT  yield  detonation  used  tn  Suction  5,4  are  shown 
in  T«b!‘j  M.  For  vw  *  15  mph, 

V,  •  Ufa  ft/s«u,  (5,74) 


The  height  of  fall  for  the  particles  failing  from  stem  altitudes  Is 


(23,9000  -  1 900? 

(n  f  0,  020)  11 


(0,75) 
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Tin*  spread  in  pnrUulo  diameters  lor  onoli  u  value  for  olmid  lit  Until  Ih  soon  lo 
bit  quilt'  small  i  m  maximum  ulmul  thickness  the  spread  in  illamutiin'  Is  only  .17 
microns,  The  spread  should  bo  somewhat  larger  nt  it mnl Ini’  dlstiluicos  and 
somewhat  smaller  ill  greater  dlstnnees, 

The  stem  fallout  model,  nil  formulated,  give*  no  ■proud  In  the  diam¬ 
eters  of  tho  purllulo*  falling  from  u  given  altitude.  At  the  1,87x10®  loot,  distance, 
the  over-all  spread  In  pnrtlolo  dlnmotor*  1*  about  loti  mioronsi  ill.  tho  shorter 
distance  it  in  4  tin  micron*,  Tho  tiouumuUtled  activity  distributions  (In  r/hr  nt 
1  hr)  at  tho  two  location*  aro  shown  In  Flgura  5 . 14 1  thoee  were  obtained  from 
the  respective  *um millions  of  Ke(i)A„  (cv)  and  R„  (3;)An  over  a  . 

Tho  gross  nativity -part  I  ole  also  distribution  for  tho  l-MT  yield, 
calculated  from  the  first  approximation  of  K„(1)A{,  for  fallout  irom  cloud  altitudes, 
I*  shown  in  Figure  B  .io  along  with  the  distribution*  u*sd  in  fallout  models  by 
Anderson11  (NRDXj  distribution)  and  by  Rapp  (RAND  distributing  a*  given  by 
Pugh  and  Oallano3,  If  the  item  fallout  were  included  and  additional  approxima¬ 
tions  of  the  distribution  were  made,  It  ie  likely  that  the  ourve  for  tho  ilmpllflod 
fallout  model  presented  here  for  tho  1-MT  yield  would  have  slightly  higher  per¬ 
centages  of  the  activity  on  both  the  email  and  larger  particles,  Also,  the 
distribution  ourve  would  change  somewhat  with  weapon  yield, 

The  NRDL  distribution  was  obtained  from  data  on  sieved  fallout 
sample  fractions  from  a  low-yleld  underground  shot  in  Nevada.  The  amount  of 
nativity  not  aooounted  for  in  the  fallout  pattern  consists  of  the  (motions  In  the 
very  small  partioleu,  Thus,  if  the  NRDL  distribution  wore  readjusted  to  the 
distribution  in  the  fallout  on  ths  ground,  the  high  fractions  In  the  small  slr.es 
would,  b#  reduced.  The  same  would  apply  to  the  RAND  distribution,  Those  two 
distributions  art  gene r illy  used  itt  terms  of  fraction  of  the  weapon  activity 
(fission#,  d/s,  stciibul  these  units,  during  compulation,  are  usually  set  directly 
proportional  to  roentgens  per  hour, 

..  ..  .. '  ■  ■  -I  '  : 

The  RAND  distribution  was  obtained  from  data  on  a  few  fallout  sample 
f motions  obtained  front  a  high-yield  detonation  on  coral,  The  absence  of  a  sig¬ 
nificant  amount  of  large  particles  In  the  distribution  suggests  either  n  high 
degree  of  particle  breakage  during  shipment  and  aiming  of  the  more  fragile  corni- 
based  part  loin*  (ns  dismissed  tri  Chapter  U)  and/or  Insufficient  sampling  lor  5 
obtaining data  on  the  larger  particles,  Also,  evtn  If  the  actlvity-sise  measure¬ 
ments  were  not  subject  to  question  because  of  bias  anil  particle  broak-up,  some 
question  occurs  regarding  tho  uso  of  notivity  distributions  on  ooral  particle#  In 
calmilftlloni  for  slllonts-type  fallout  pnrtloloi. 

Tho  noted  discrepancies  In  the  three  nellvlty-sUe  distributions  have 
not  Iwon  satisfactorily  resolved  The  utility  of  the  simplified  fallout  aofillng 
system  to  predial  shifting  of  the  activity -si  ne  dlstrl  but  Ions  with  yield  has  not  ycl 


Iwwi  iiMiul  |n  thn  morn  rnl'innrl  mmlnls  to  ilntprmihn  whether  I  ho  pru'dleled  change 
would  result  In  any  significant  iliffuruiums  In  Iho  prudiutori  fnllnul  patterns 
Those  (IlHuropiinuios  uro  of  Icimm  mmarLunoo  whan  lha  result*  of  ilia  anlauliiUonw 
urn  usod  to  nstlmnto  lha  general  magnitudes  of  Iho  hnrnrd  from  In  I  lout  and  lha 
extent  of  lha  nron  alTootod  than  whan  Ihoy  uro  used  to  predict  Ik  Haul  affootB  lit  n 
given  locution  with  rospoot  to  n  hypothetical  hunt  point,  Kven  In  tho  morn  gcmornl 
uhr  of  tho  model,  however,  the  maximum  oattrhiiinci  hnsnrd  will  still  bis  sensitive 
to  the  shape  of  tho  activity  -si  n  a  distribution  ourva, 

fid!  The  Effect  of  Dross -Wind  shear  on  tho  Fall  out  Pattern.  Scaling  System 

The  simple  fallout  scaling  system  contains  the  effects  of  Some  degree  of 
wind  shear  baoauso  the  original  fallout  patterns  from  which  it  was  dorivod  wore 
formed  under  ml  wind  conditions  In  which  come  shear  occurred.  The  rolntlvo 
shout,  or  relative  pattern  spread,  onn  be  defined  ns  (Y,-a)/Ys,  This  ratio  Is 
proportional  to  the  tangent  of  the  angle  of  the  maximum  lateral  spread  of  particle 
trajectories  failing  from  ail  altitudes  to  the  ground, 

For  the  1-KT  yield,  the  relative  shear  of  the  pattern  from  the  simple  fall¬ 
out-model  scaling  method  Is  0.4B4,  Since  this  scaling  system  was  durivod  with 
use  of  the  fallout  data  from  tho  Jangle  "S"  shot  whoso  yield  was  1.2  KT,  it  is  of 
Interest  to  review  the  Wind  data  for  that  ahot  with  respect  to  the  effect  of  the 
wind  shear  on  the  relative  pattern  spread.  Tho  wind  data  and  particle  fall 
trajectories  are  summariaed  In  fable  S.IO. 

The  lateral  distance,  Ad,  traveled  by  a  particle  having  a  fall  velocity,  v( , 

In  n  wind  speed  of  vw,  while  falling  through  the  altitude  Increment,  Ah,  is: 

_ _  Ad  «  v^Ah/vi  ,  _  (8,70) 

In  Table  5,10,  the  quantity  vf  Ad  is  given  since  It  fa  Independent  of  particle 
also,  The  lateral  distance  component,  Ay,  la  Ad  sin  An  and  tho  "downwind" 
distance,  Ax,  is  Ad  cos  An,  whsre  An  lathe  angle  between  the  wind  direction  at 
the  altitude  of  the  top  of  the  10-minute  cloud  (12,000  foet)  and  the  wind  direction 
at  any  lower  altitude,  Tho  summation  of  the  component  distances  (starting  at 
ground  aero)  assumes  that  v»  la  constant  from  4,000  to  12,000  foot  Tho 
reference  direction  of  autr  was  lelected  because  it  oorrosponns  ciciaciy  io  iho 
direction  of  tho  maximum  pattern  intensity,  tho  "hot"  line,  In  tho  fallout  area 
from  the  Jangle  "IS"  shot, 


e  44.2W  3). 


Tim  olToutlvo,  or  average,  wind  Hpimil  Ihi 
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whom  t)  in  the  time  a  particle  spend*  in  the  iih  altitude  incrtmuinl,  and  v,  In  tlm 
wind  speed  in  that  inoroment  (t,  »  h/v, ),  For  a  constant  full  voloait.y,  vw  in 
equal  to  £ ,  v,  /tv,  whore  n  is  the  number  of  altitude  increments  considered,  The 
data  of  Table  5,10  give  an, 8  knots  (80, 6  mphl  for  6*  for  n  constant  v(,  The  wind 
shear,  a,  between  the  altitude  increments  m  and  n  is  given  by 
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For  the  aaaumptlon  of  a  constant  v, ,  the  following  values  of  8(m,n)  arc 
obtained  from  Table  8,l0t  * 

8(8,81  •  8, 14  (knots/lO8  ft)  \ 

8(4,8)  «  a, 86  (knots/ 10*  ft)  •  v . 

8(8,8)  «  8,66  (knbts/10*  ft) 

S(B,B)*  B, 88  (knots/10*  ft)  \ 

'  ’  \ 

The  notation  8(0,8)  Is  for  the  altitude  range  9,t)0(M3,Q00  feet,  etc. 

-  V 

The  vslde  of  wind  shssr  of  Fq,  6,78  (for  a  given  particle  also  or  fall 
velocity)  gives  the  tots!  wind  shear  rather  than  Just  the  erpsswlnd  shear  that 
spreads  out  the  vertical  distribution  of  particles  laterally  '(from  the  downwind 
direction  of  the  center  of  the  pattern).  Since  Table  6, to  shows  that  the  lateral 
shenr  for  n  given  particle  slse  originating  from  the  cloud  altitudes  (0,000- 
18,000  feet)  Is  negligible,  the  only  agues  of  (he  relative  pattern  spread  Is  the 
relative  shear  of  psrtloles  of  different  sir, os  as  they  fall  through  the  lower 
altitudes. 

The  lateral  spread  due  to  changes  In  v,  with  particle  slao  may  bo  repre¬ 
sented  by  the  variation  of  v,  5, Ay  with  v,  2)  Ax,  T'ho  deposition  of  pariioloH  (from 
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thn  cento  r  1 1  iti>  ul  llio  Hmii'iic,  wiy)  hImiMIiik  from  tho  lowin'  n It UiuIuh  noim-’Nl  llm 
origin  |l  in,  ground  y,on>),  pin hm n n Ih  In  n  Internl  direction  up  In  itn  nlllliiilo  of 
H ,000  fool,  And,  since  doth  unnrdlmiloH  urn  |iro|iorUoiml  In  vi  ,  thn  variation  of 
v;  (l.cn,  nlm ill'll  of  pnrtUdo  id'/.o)  will  romiU  In  the  deposit  of  n  continuous  blind  of 
particles  In  Iho  Infornl  direction  founded  b,y  the  llnu  (at  low  values  of  a x)  with  n 
slope  (lith  Ail)  of  approximately  82.211/54,34  or  0,408,  Thin  rullo  Is  very  negr 
tho  vivliio  of  (Y„  ->n)/Xn,  0,484,  for  tho  1-KT  yield  that  In  oblul nod  from  tho  seal¬ 
ing  functions,  ' 

The  fnllont  pnttorn  for  tho  Castle  Bravo  *hai  pulUirn  was  iiIio  lined  to 
doi'lvo  tho  scaling  ftffltitfans  for  tha  simple  fallout -pattern  scaling  system,  The 
particle  fall  trajectory  components  (In  relative  units),  with  ro#poct  to  tho  es¬ 
timated  pattern  center  (or  hot)  lino  for  Castle  Bravo  winds,  and  for  a  particle 
sir, a  of  about  100  microns,  Is  shown  In  Figure  0.10,  (The  effect  of  those  winds  on 
the  lateral  spread  of  the  derived  pattern  for  the  iO-MT  yield  should  Its  about  the 
same  as  It  was  for  tho  Castle  Bravo  shot  pnttorn  which  was  used  to  establish  the 
sanllng  system,)  the  lateral  shear  In  the  Figure  0,10  plot  is  due  to  changes  of 
both  wind  speed  and  direction  over  the  range  of  altitudes  containing  the  cloud 
(nt  8-10  minutes  after  detonation), 

It  Is  scon  that  tho  maximum  spread  in  particle  deposition,  for  nil  from 
altitudes  between  03,000  and  00,000  feet  (heights  of  bottom  and  top  of  aloud),  Is 
equivalent  to  a  shear  angle  of  about  23* i  the  tangent  of  this  angle  Is  0,110,  This 
’value  of  the  tangent  is  reasonably  dose  to  (Y„  -n)/Xn  for  the  l  r/hr  at  1  hr  con- 
tour  at  tho  io-MT  yield,  whleh  Is  0,407, 

"  *  •  .1 

if,  for  the  Castle  Bravo  wind  oondtllons,  it  is  assumed  that  the  smaller 
particles  (ell  from  altitudes  as  high  ns  100,000  feet,  and  that  the  fall  trajectory 
components  (for  all  the  smaller  particles)  arc  proportional  to  those  of  Figure 
0,10,  then  the  maximum  downwind  distance  at  which  the  particles  would  ham 
landed  for  a  single  wind  direction  would  have  boon  about  2.0  times  greater  than 
for  the  trajectories  of  Figure  5,10.  IJndsr  such  conditions,  the  value  of  X„  for 
the  1  r/hr  at  1  hr  contour  would  have  been  no  more  than  1,200  milos  Tor  the 
10-MT  yield, 

The  relative  pattern  spread  and  "equivalent"  uniform  wind  shear,  for  thn 
simple  fallout  sealing  system  patterns  for  several  yields,  are  given  In  Table 
3,11,  It  Is  Interesting  that  the  relative  pattern  spread  (lor  the  1  r/hr  at  1  hr 
contour)  is  about  the  same  tor  both  the  Jangle  "B"  and  the  rustle  .Bravo  fallout 
patterns,  but  the  shear  mechanism  by  which  tho  spread  occurred  is  very  dif¬ 
ferent.  Of  the  two  shots,  the  manner  In  which  the^honr  occurred  in  the  Bravo 
shot  Is  more  llUct  the  assumed  uniform  lateral  shear  used  by  Pugh  and  Qullano 
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In  (Mr  mmipnlnllimi:.  Tlnm,  for  dm  Inricnr  vlnldn,  1  lu>  limludoil  Inli'i'iil  hIm’H r  I'nr 
the  Hlmpln  Inlloul  hiiiiIIiik  Hynfoin  mm  lie  rnlnlod  rmiuhlv  In  n  uniform  wind  Mlionr 
thriiti^li  llin  I'lmiil  nl'  (1,2  niul  O.H  hnotii  per  1(10(1  fool  wlmn  lln>  iivitiik*'  wind  upood 
in  iiIihiiI  10  mph, 
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I  NUMMARY  Op  "I'UilllVAl.l'INT"  WNIPOffM  WIND 

1  NIIKAIl  niOM  HM1.ATTVK  PATTKHN  NPIIRAD  l»'f>W 

Till*.  HTMPT.10  1PA I»f  A  MIT  MHAT  JNtl  HYNTi'iM  PATTMTINH 
(Wind  Hpiu’il  of  I  (1  mpli) 
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j  (Yn-n)/Xii  on  it  fuiuillmi  of  Ny  nsHitmlnm  n  10  mpji  wind  nnrl  100% 

,  finnlmi  yloldmtlm  ninminrd  Intcmnliltin  givnn  hy  I’iikIi  mid  ft  nil  linn  worn 
miiHIpllcid  liy.fl.ifn  to  nminmit  for  lorrnin  nhloltling  mid  liiHlrumcml 
rcNpnnnci. 

:  ?  Prom  .WfmiTdnmrTintitr  -  • 

\  “  • 

."i,7  vvinijiftt'lHtH'i  of  Hoyopiv!  Ppllnm  Piillnm  ftnmpotnlloiiH  » 

MoIIioiIh  of  cnnipolliiK  fnlliml  pnltoriiH  omi  ho  oompnrnd,  in  n  hi'ohh  wii.v,  liy 
(!)  dm  roliiHvo  n ron  find  Ih  nnoloHod  wllltlit  rIvoii  Hliimlnrd  IntoiiHlIv  orinUmrH, 
mid  the  ilKToroiuioH  In  Hto  tin-lmilnlwl  vnriiiUmi  with  downwind  lIIhUjihio  of  (ho 
Hlmnliiril  IiiIoiihIIv  iiIwir  tlio  nonfor  lino  nl’  Uio  I’lilhml  pnllom,  Aliolhor  wnv  of 
HI'ohh  ooinpnrlHon  IiivoIvoh  dll'I'oronimH  In  (lie  I'oiilniir  hIiii|ioh, 


A  ('niiyitll’lunii  Iiiih  boon  mmlo  li,v  Forlier  and  1 1(< III < 1 1  1  ill  Hovcriil  Inlluiil 
models  cumMlilchliK  whirl  olleels.  The  I'm  limit  models  enmjmreil  were  i Hum* > 
developed  li,v 

J .  PiiR'li'.  unrl  (In  I  lB.no 11  (WHI'HHIM  10)  i 

Si.  n  revised  bul.  as  yet-  unpublished  vtu'Hlon  of  the  lHiRh-tiiallnno  mi  idol 
bused  on  recommended  ohnnKow  by  the  National  Aomlomy  of  Science 
Wm’klnn  Uooiip  on  Fallout  Model*  in  I »(l  1  (WHF,ONAH)i 

!1,  a  model  developed  by  tile  weather  bureau  (WB)i 

4,  a  mode]  developed  by  the  Air  Force  lntelllRonee  Center  (AFClNh  tine! 

I .  a  model  developed  by  the  RAND  Corporation  (WANT)),,  « 

Comparing  of  fallout  pattern  computations  by  mean*  of  the  areas  onolnsed 
wlthll  n  tflvtin  standard  Intensity  oontmir  imt  fairly  wood  method  hunanse  the 
enoliiWl  amt*  lire  not  very  jmnsftlvo  to  wind  speed  nr  wind  shear,  Because  of 
thin,  it  la possible  ivlsoto  oompars  the  IWloul  pattern*  onllowlattid  lor  a  10-MT 
yield  a u r b oo  detonation  avid  IB  mph  wind  speed  baaed  on  the  model  Riven  In 
FNW'M,  the  WBFO-RMIO  model,  the  model  developed  by  Anderson",  and  the  simple 
fallout  icallnp  ay  atom  described  here. 

Tha  wind  shear  for  the  KNW  model  la  unspecified  i  rwr  the  WHFn-dMJO 
model  It  la  taken  at  0,i  knots/ ft)  for  the  Andersen  model  the  wind  ahea  r  In 
seroi  and  for  the  aimple  fallout  aoalfnR  ayatom  It  la  about  o,B  knots/ Tjftfln  ft, 

The  oomparlHona  presented  by  T’arber  and  Tlefftor"  are  for  a  1-MT  yield  surface 
detonation  i  a  SB  mph  wind  speed.,  and  a  vertical  wind  ahear  of  O.a  knot  a/ 100  ft, 

The  areas  Within  stated  contours,  for  the  two  aota  of  enlmilatlons,  nre  Riven  in 
Table  n.lili  |;lie  area  ratios  are  relative  to  the  WftlfCl-HMM)  model  since  It  la 
common  to  both  aota. 

- — Another  factor  of  difference  between  the  two  sets  of-  oaloulatlmva  which 
could  have  a  small  effect  on  the  value  of  the  ratios,  Is  that  tho  ureas  unit' ti lain 
by  Ferber  and  Meritor  are,  presumably,  for  the  lord  nation  rate  at  It  feel  above 
an  ideal  plane  (ffijmepl perhaps  for  the  AFCTN  model),  Tho  cmltmlnflnns  pre¬ 
sented  here  are  Tor  the  observed  ionisation  rate  at  H  feet  above  a  plane  I  no  I  url  Inn 
n  terrain  attenuation  factor  of  0,7B  and  an  Instrument  response  la  el.  or  of  (1.75 
for  the  WRF-tl-RM  10  model  and  the  simple  fallout  sonllnn  system,  II  Is  noi  clear, 
from  the  referenced  sources,  what  the  value  of  those  factor*  are  for  the  t.ww 
and  Anderaon  models, 


Tr* t ilt*  M! 


HATH)  OF  AHFAH  WITHIN  NTATKD  HTANHAHI)  INTENSITY 
CONTOURS  TOW  FALLOUT  FATTHHNtM'OMPliTFU 
THOM  VARIOUS  MOOT  US  HKLATIVK  TO  T1HHM? 
FROM  T11F  WHlCfl-HMW  MODF1. 
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Sine*  mull  of  i,hn  im  within  the  ntuled  ronlnurf  in  nantwiflied  with  (Ho 
(iownwlw*  Mw  wllo  vaisinn  in  ojmjo**  «f  unify  for  Mw  lower -vnluwl 

cm»i«uM  and  iih»  value*  UnM  fe>mw  to  tana  than  unity  for  ih«  hifthes'vaUscrf 
uiWtMipa  eorrenpood  to  a  higher  fraetioti  of  the  total  activity  ««  NmnU*r  pnr«  L  _ 
ttolti  than  the  value  n  unnd  in  .Him  WSFO-HMIO  model*  Thin  type  ni  trend  In  the 
mffna  l«  exhl'lrflcrf  wioil  (dearly  by  ihr  FNW  noil  WH  morteln  ami,  So  a  leaner 
extent,  by  tne  wwo-NAn  and  Andwmwir mwdvl#.  --The^wwiHi  trend,  rsprsasiilfl-r 
ttv*  erf  ms  netivity-ftaiTMe  «|h»  sUrtrHwlinn  Having  «t  iiiahes"  fraction  of  She  loin! 
Activity  ms  the  lirffer  particle*  than  In  used  In  ihe  WHFG-RM10  model-,  In  ex¬ 
hibited  Isy  both  the  AFC1N  model  anil  Use  «lmple  fnllmtt  non  Him  nynlcsn, 


an.'i 


Thn  neluiil  vnluus  of  IIh1  m ri'ii  piiIIhh  ill'!'  I'l'liili'il,  ill  I'ourne,  In  tin*  iiSHiuned 
value*  of  I  ho  yield-distribution  enitlnur  nil  In;  IIiIh  In  given  iih  RfO  iip  RTr)f'(l)  In 
p/hr  n(  I  hr  jii'P  KT/ml"  111  Chnpiors  2  nml  ll.  For  Ihn  10  MT  yield  put  I  urns,  llm 
v  it  I  in  *u  ol  J\fT)tJ  (I)  urn  computed.  from  pnllorn  integral  lonn,  In  ho  (In  p/hr  id 
|  hr  pup  KT/ml*) i 


1,1(10  lor  Ihn  I'lNW  model; 

1 ,500  liir  the  WHKa-HMIO  model  (eorreelnd  tty  o.rtfi) j 
l.ooo  (or  llio  Anderson  mode);  nml 
1 , 1110  for  thn  simple  fallout  sVnllng  system 


For  thn  other  patterns,  neenrdlng  In  For her  unit  Heftier,1  Ihn  in  limn  ol 

am;  !■ 


2,000  for  (ho  WBRCJ-HM10  moilnli 
2,100  for  the  WHKQ-NAS  modal  i 
about  2,000  for  tho  WB  moilnli  nml 
H00  for  tho  AFCIN  mmlol. 


Tho  low  '(<hluo  of  K7H  for  Ihn  AFCIN  moilnl  suggests  that  It  applies  lit  im 
observed  ionisation  rnin  nml  Ihnl  It  Includes  torrnin  nftnniintion  nml  Instrument 
response  factors.  Tho  higher  values  of  KHYfor  thn  oihnr  moilnl n  apparent  (y  nrc 
for  fallout  ilopoaltoil  on  nn  Finn  I  smooth  plane.  If  thin  In  Iruo,  Ihn  comparable 
vnluo  of  Km  for  tho  AFCIN  mmlol,  on  Ihn  lilnnl  plntio,  wiiulil  he  nboul  M20 
r/hp  nt  1  hour.  The  vnlue  of  RTHCO)  for  tho  simple  fallout. modal  potlorn.  for 
Ihn  Ideal  smooth  plnne  sourco  nml  n  lo-MT  yield,  woiihl  Im  about  3nfto  p/hr  m 
I  hour  pnr  KT/ml*  nt  11  feel, 

The  vnrlntlon  of  the  calculated  Infinite  Ideal  plane  slnmhm!  Intensity  with 
downwhiflj  [distance  along  Ihn  center  line  of  the  fallout  pniinrn,  for  several  of  Hie 
fnllmit  models,  is  plolted  In  Figure  n.Vf,  for  n  lo-MT  yield  surface  detonation 
assuming  n  an  mph  windspeed  nml  1 00  pnrnnnl  fission  yield.  The  simple  Inllrtiil 
sealing  system  nml  the  RAND  mndel  lire  tlm  only  (wo  methods  ihnl  predict  llm 
observed  downwind  major  peak, 

A  portion  of  ihe  higher  rntn  of  deerensn  In  thn  standard  Intensities  with 
downwind  dlafnm'o,  for  the  .simple  fallout  sen  ling  system,  mny  lm  due  in  the 
higher  degree  of  vortical  shear.  But  mosl  or  the  higher  Sllimhm!  intensities  In 
Ihe  lirs(  500  miles  downwind,  nml  the  high  rniln  of  decrease  w  It  It  dlslnnee,  in 
due  to  the  higher  frnellnn  of  Ihe  Infill  activity  Implied  ns  being  nnsoelnled  with 


VARIATION 


tho  In i'm'iii1  piirUulos.  Thu  titi rv (.!  for  |,ho  AFdlN  inmlol  Intpllua  tin  uvuii  sharpi'V 
ilnni'uiiHo  III  tho  IViuillim  nf  ii(i|.lvlf,y  with  dnornhHlng  partiulo  alar, 

Thu  curve  for  thu  WH  motlol  Implies  an  autlvlty-purtWiIu  h|uu  distribution 
In  which  tlui  In  t'Kuft!  fractions  of  thu  nativity  ..urn  cm  tho  small  particles.  Tho 
development  of  fallout  model*  for  towor  and  balloon  detonations*  quite  likely  had 
an  Influonou  tin  the  development  of  tho  WB  surfaes-bursl  fallout  model,  The 
WBKG-NA8  model  curve  also  implies  a  larger  fraction  of  the  activity  on  the 
a  mall  or  particles, 

Since  tho  simple  fallout  scaling  ay  stem  In  adjusted  to  the  Castle  Bravo 
fallout  pattern,  for  which  the  yield  and  wind  conditions  were  nut  very  different 
from  the  conditions  used  in  the  calculations  for  the  curves  of  Figure  5,17,  it 
appears  that  the  AFCIN  model  dues  not  account  for  enough  of  the  total  activity, 
and  that  the  WB  and  WSKQ-NAB  models  give  too  much  weight  to  the  nativity 
carried  by  the  smaller  particles,  If  factors  for  the  type  of  soil  at  the  point  of 
damnation  are  taken  into  account,  these  factors  could  be  responsible  for 
no  mo  of  the  Indicated  differences,  However,  none  of  the  models  explicitly 
consider  sail  typei  therefore,  no  explanation  of  the  difference  on  this  basis  is 
possible, 

Further  work  on  the  fallout  distribution  models  and  their  connection  with 
the  fallout- forms  Won  prooeas  ia  discussed  in  Chapter  fl,  A  thorough  study  of 
the  early-Wme  condensation  and  other  dynamlu  processes  that  take  place  during 
tho  rise  of  the  fireball  Is  required  before  significant  progress  Is  possible  In  the 
development  of  Improved  fallout  models,  It  Is  dear  that,  when  differences  of  a 
factor  of  10  to  00  occur  in  the  calculated  standard  Intensities,  one  or  more  of  ■ 
the  models  has  bssn  poorly  calibrated  to  the  available  observed  fallout  data, 
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IONIZATION  U  ATM  CONTOUR  RATIOS  AND  OOMI'OHITION  OK  F  A  Mil  HIT 


0,1  Definition  and  IJiu  of  Ionirution  lintc  Contour  RnUof 

Theae  contour  ration  nro  defined  we  I, ho  nitld  of  the  ssurlnco  density  of 
luma  properly  of  fallout  io  the  iooiKUttuh  t'Hio  nt  it  fool  above  an  extended  open 
uroM  covered  with  fallout  The  three  fallout  proportion  of  moat  Internal  in 
radiological  counter nioflauren  aroi 

1,  The  ma»e  of  fnllout  per  unit  nrofl,  ,v  . 

fl.  The  number  of  atom*  or  molea  of  fusion  products  per  unit 
nren,  find 

0,  The  fraction  of  the  weapon  y laid  riepoaitod  par  uni),  area,  - " 

At  a  given  looatlon  In  the  fallout  area,  the  contour  rntloa  for  theao 
qunntitloa  nro  doflnetfby 

*  ft,  -  " 

Fpr<H  Trfe  —  <««> 

iincl  ■ 

FDf|t)  (11,11) 

whore  Mf  ft)  la  the  nuias  contour  ratio,  m,  la  mnaa  of  fallout  per  unit  nrna  nt 
the  locntlon,  Kl*r  (t)  la  the  fiaalon  product  or  notlvjty  contour  rntlo,  nip  la  the 
number  of  atoma  or  muloa  of  fiaalon  products  per  unit  nren,  Kl)r  ft)  la  the 
fraction  of  device  contour  rntlo,  FI)  la  the  finetiou  of  device  par  unit  nren,  nnd 
t,  (t)  is  the  observed  Ionisation  rote 


lift! 


Knowledge  of  the  values  of  I  huso  <>nn1  f  HI  I'  ml  Inn  mnluis  possible 
esllmulos  nf  Hi«  amount  of 'fallout  partlolns,  fission  produelH,  nr  oilier  com 
ponnnts  of  the  weapon  that  are  prossnt,  glvnn  tho  level  nf  (ho  loui/.ul (on  ruin, 
Thuse  HHlImuloii  art*  nutuissary  In  I  ho  design  nf  realistic  experiments  using 
synthesized  fallout  materials,  In  Him  opurallonul  uhm  nf  rudlologleut  oounior 
tneamiroB,  ami  In  guneral  evaluation*  nf  radiological  hazards  from  fallout. 

Tho  rovers#  procedure  In  equally  useful!  Unowloclfjo  of  the  ohomloulor 
physical  behavior  of  particles  or  of  tho  flBsloh-pmluot  olumunts  i»h  u  fupbUon 
nf  their  euirfuno  density  nan,  through  lh«  contour  rutios,  he  associated  with  Hie 
level  nf  the  radiation  hazard,  For  example,  decontamination  data  la  asm!  on  tho 
mass  of  particles  oan  ha  readily  nnnvnrtori  Into  reduction  In  radiation  hazard 
by  means  of  the  contour  ratio,  Use  of  the  contour  ratios  and  their  scaling 
funotlons  allowa  extrapolation  of  a  modest  amount  of  experimental  data  to 
Innumerable  operational  uaaea  heeauso  the  contour  ratios  are  not  oonstimtsi 
they  are  point  funotlona  whose  value  depends  on  many  variables  Thus  a  single 
value  of  mu ,  for  example,  may  be  associated  with  many  values  of  I,  <t>. 

The  final  use  of  the  contour  ratio*  is  to  permit  oeilmatas  of  m„,  n(I,  ,  and 
FD  to  be  made,  for  use  In  radiological  countermeasure  operations,  from 
observations  of  In  auoh  eattmatas,  additional  Information  Is  required, 
along  with  IhP  value  of  I, (t),  before  a  reliable  estimate  of  the  quantity  of  Inlorost 
can  be  made,  Tills  particular  use  nf  the  contour  ratio  may  be  the  only  method 
available  for  estimating  one  of  the  desired  quantities  when  fallout  nreaN  are 
monitored  with  portable  survey  instruments.  The  additional  Information  flooded 
for  these  estimates  Is  rilmuiMd  In  the  following  paragraphs, 
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Keoauso  the  mass  contour  ratio  is  Invorsoly  proportional  to  tho 
spoulflc  aotlvlty  of  fallout,  Its  value  nr  range  of  values.  must  depend  on  the 
Amount  of  radioactive  materials  produced  In  tho  dntonfttlnii.  Tim  fission  prndOol 
yloltl  Is  proportional  to  T1W  whore  It  Is  Uni  ratio  of  fission  to  lotal  ylolrli  lumen, 
for  tho  usual  amount  of  Induced  activities,  tho  total  a  rmr  activity  from  Kij,  t.’M, 
is  •  ~  .  '  '  .  '  V  ’  f  ..  .  .  --- 

I,  (t)A  non  •MtixlO1"  | i-,(l)  +'  o.nn'j'  nw  r/hr  fil  I  hr*sq  ft  «M) 

whom  r„  (1)  Is  tho  gross  Ionization  rate  fractionation  number  ill  H+1  and  ll.inii 
is  tho  ratio  of  the  Ionisation  rain  from  a  nominal  yield  of  induced  uctlvlf  Ins  to 
dial  of  Iho  fission  products  (both  at  H+i),  Tho  mulllpiUir,  r,.4(!xint"  r/lir  id 


nos 


1  lie  per  KT/Hf|  ft,  iniiliilnn  iiti  litHtnimeei  reMpoiiMe  iiiuI  u  Irmiln  r< uikIiiichm 
nl(t<niiMl imi  factor.  Thu  value  of  i;  ( I  j  will  viiry  with  downwind  dlahmen,  nr 
particle  h  I  ir.f ,  in*  well  HH  with  1 1  mi*  nflo  r  detonation.  Thu  vitltu*  of  the  ratio, 
0.010,  fur  the  luihuii'il  net IvIIIoh  will  de|icnd  on  the  coiinI ruction  material*  of 
I  ho  wettpon,  thu  envlrotimenlnl  element*  at  Utu  point  of  iloloaaflon,  and,  to 
t»omu  degruo,  on  the  height  of  buret  and  on  tlui  vnluu*  of  It.  For  exnmplc,  If 
ft  1*  very  bid  all  (thu  definition  of  thu  *o -uni  led  "clean’1' bomb),  than  the  relative 
Induned  notlvtty  yield  eould  he  muoh  higher  than  In  Imlloatod  hy  the  0,010  of 
Eft .  (1,4,  Exempt  for  the  pn»*lhl«  depundtmon  of  r^  (1)  and  Inducted  activity  ratio 
on  yield,  the  total  area  activity  of  rcq.  n,4  in  riirootiy  proportional  to  W, 


If  It  la  Resumed  that  the  total  crater  maun  become*  uniformly  mixed 
with  the  radioactive  material  In  the  fallout  formation,  then  the  expected 
maximum  vftlue  ol  Mr  (1)  *hould  he  given  hy  M„/(3,  (l)xArea)  which  (from  Fq*. 
a.lflft  and  0,4)  I* 


M,l 


...  ■  0,  083  ,  .  . 

LH,  uW  mg /eq  ft 

(».  r,  (1)  +  0,  01.9  r/hr  at  1  hr 
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If,  on  thii  other  hand,  it  la  mummed  that  only  the  nail  that  ie  melted 
at  14 Off  C,  a*  in  the  oaae  of  the  Ideal  eurfaoe  hur«t,  heoomea  uniformly  mixed 
with  the  radloaotlve  element*,  then  only  the  ma»*  equivalent  of  the  n(f )  mole* 
of  liquid  noil  would  he  considered.  The  yield  dependence  of  thil  quantity,  from 
Table  a,lH,  can  lie  represented  by 


n(l)  *  I.'UXIO11  W1,  nlK  mg  »oll  (ti.fl) 

V. 

On  the  average,  the  mass  represented  by  n(f)  ahould  remit  in  an  expected 
minimum  value  of  Mf  (1),  whloh  ta 

MTnir  -  ’  (.;») 

_ _  B  !r,(l )  +  0,  01 9 j  r/hr  at  1  hr 

.  ■  ■  .  • .  '  j  '  "  .....  '  - 

The  (wo  limiting  value*  of  Mf  (1)  indicate  that  (1)  the  dependence  on 
the  intnl  yield  ahould  Im  rather  email,  (8>  the  value*  are  InVeraely  proportional 
hi  ihu  fraction  of  natation  yield  of  the  detonation,  and  (8)  the  real  value*  an 
mo*l  likely  to  lie  in  the  range  1  to  100  (rng/»q  ft)/(r/hr  at  1  hr)  for  B-l,  With 
reaped  to  the  fraction  of  fiaalon  yield,  B,  the  type  of  weapon  ia  apparently  a 
more  important  parameter  in  determining  the  value  nf  Mr  (1)  than  ia  the  yield 
Itaclf,  Becnuae  hoth  melted  and  nnmeltcd  particlee  *re  found  In  fallout,  more 
aoll  1*  Involved  In  the  fniloui  formation  prone**  than  I*  Indicated  hy  n(f),  but  the 
amount  Involved  ahould  certainly  he  lea*  than  that  removed  from  the  whole 
(apparent)  crater  --  even  for  the  larger  yield  where  o*«ent1ftlly  no  crater  lip 
remain*, 

a  0.8 


Actually,  Hu'  vnltieo  nl  M,  (I)  allow  11  tendency  In  dccrcuMi1  will) 
yield  Hull  Im  iiiihv  ni1  Ichh  |i rniKtrl Itinn  1  Inllie  iippimml  I'fiil it  iiiiihh.  Thcrclme, 
Ihr  i1  nil  it  nuiKH  |»t  KT  iiMHoeliilcd  with  fnllmi!  frinuiiilnii,  m(n,\V)i  Ih  iihhiiiiiimI 
In  have  lilt1  form 


111(11  ,W)  -  l(c>Wt,,nM1  nm/KT  (||,H) 

whore  Hu)  I*  Iht*  muss  per  lillnlim  ol  yield  lor  each  partible  group  to  lie, 
I'vnUinU’fl  from  available  measurements  of  Mr  f  1 ) ;  With  (ho  assumed  dcpciulcmtc 
of  m(n,W>  an  yield,  the  r (dative  nlmndmme  of  melted  particles  Inci'eusos  with 
yield,  Mlnee  n<  # )  Increase*  with  yield,  nnd  the  average  vnluo  of  Mt  (1)  ileei'eMMdM 
with  yield, 

tf.  2  ■  2  L?Q,yfcn>^Aiid . 

The  variation  of  Mr  (1)  with  downwind  distance  from  shot  point  Is 
best  considered  injerm#  of  the  particle  group  *j,RC  parameter,  ru  To  represent 
thin  dependence  r„  (1)  I*  redesignated  r„  (1)  for  evaluation  n*  a  function  of  both 
n  and  the  yield,  Appropriate  value*  of  rtv(1)  along  with  observed  value*  of 
Mr  (1)  are  then  used  to  evaluate  f(n), 

In  estimating  rn  (1),  the  assumption  la  made  that  an  nliundnnee  ol 
solid  aurfo.ee  (ni  particle*)  la  present  In  the  plain*  fireball  and  cloud  at  nil 
time*  to  fnelHtnte  the  condensation  of  the  gaseous'  radioactive  specie*,  Wiih 
thia  condition,  the  amount#  of  each  element  condensed  during  the  second  period 
of  ootid  en  a  at  ton  may  be  cstlmstcdby  the  method  outlined  In  Chapter  12,  In  the 
simple  process  whore  all  the  particles  are  present  at  the  end  of  the  first  period 
of  enndensstlnn,  diffrrenre*  In  the  radioactive  noiihpostt  ijpn  on  the  various 
particles  st  a  later  lime  can  occur  only  Jf.  same  of  the  particles  arp  removed 
Trom  the  volume  before  further  condensation  oocursi  The  particles  that  remain 
In  the  volume  the  longest  time,  providing  a  large  number  are  always  present, 
will  then  condense  more  of  the  volatile  radioactive  elements,  In  Ihe  fallout 
formal  I  on  process,  where  the  larger  particles  are  falling  out  or  leaving  the 
gas  volume  at  earlier  limes,  the  fraction  of  total  available  activity  Vital  is 
condensed  on  particles  of  various  slr.es  should  inerense-wlth  decreasing 
pnrllc'vc  sire,  lienee  the  fraction  of  the  tola  I  nativity  condensed  up  to  a  given 
iriite  atier  detonation  should  bp  described  by  an  acmion«.lattve  dtstriisdlon 
curve  that  Increases  to  a  stated  amount  for  a  given  particle  si  sc,  or  ,,  value 
for  a  group  of  pnrllelos,  Such  n  representalion  cannot,  consider  discrete  values 
of  the  fraction  condensed  lor  «  given  particle  si  so  but  may  lie  given  in  tonus 
of  an  average  value  for  each  ol  the  particle  groups. 
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Ill  tin’  mi!  prnrcsa,  tunnelled  mid  inched  particles  Is'cnnie  mixed 
during  llu«  second  period  of  ecndcnnntlon.  Hliiec  Die  nnnudf od  particle*  hnvi> 
entered  Hit'  fl  rcistll  niter  It  lots  cooled  lie  low  (heir  melting  polnl ,  Ihcv  cun  only 
condense  vndlonellvc  mulcrlnl*  not  provlqusly  condensed,  However,  since 
these  unniuHod  pnrtlolo*  (nil  In  the  same  areas  ns  (he  molted  particle*  of  the 
same  full  vector,  the  over-till  mdlonetlve  iiamposlllon  of  the  group  should  not 
ho  changed,  The  main  effect  of  the  presence  of  the  unmnlled  part  teles  In 
oondenslng:  some  of  the  remaining  volatile  rndlonotlve  materials  In  to  reduce 
the  snoot  fie  activity  of  the  whole  group  of  smaller  particles, 

The  fraction  that  oueh  miellde  of  a  mass  chain  condensed  In  the 
second  period  of  condensation,  ra  (A|,  is  estimated  from 


r'<A)  *  h  'Nj<At  1»I«V/<1  _  V  „K,Nf(A,  tip? /yftfl  (6>g) 

”  iijNjtA.u  o ,  i i ivr nw  n'( ( a ,  t") 

In  which  the  first  term  oontalns  tips  parameter  values  for  the  first  period  of 
condensation  (boo  Kg,  MQ)i  V  is  jjhe  fireball  or  cloud  volume  at  i'i  0.311  In  the 
numlwr  of  fission-males  per  fttairjj-KTi  y  j(l')  Is  the  number  of  atoms  per 
fission  of  element  j  that  arc  present  at  t*i  p*j  Is  the  subtlmnllon  pressure  of 
element  j|  and  N  f  (A,t''j  is  I  ha  number  of  atoms  of  ctioh  element  of  mass  ohnln 
A  por  101  fissions  not  condensed  In  the  first  period  of  condensation,  doony- 
correolod  to  (/. 

IIS  other  words, p*V/HT  is  the  number  of  moles  of  demon!  J  in  the 
vnpor  phuso  and  Q,3littWyf(t/)  Is  the  lota!  number  of  moles  of  the  element 
produced  and  In  existence  at  l',  The  first  term  gives  the  fraction  not  condemtcd 
In  the  liquid  particles  during  their  existence,  and  the  second  term  gives  the 
fraction  In  the  vapor  state,  the  difference  being  the  fraction  condensed  to  the 
solid  ilate  on  or  in  the  solid  particles  by  the  sublimation  protross, 

In  making  tho  computation*  for  r#(A) ;  the  yields  of  M*KT  ami 
H-MT  wore  solooled  since  the  r,(A)  values  were  already  available  (see 
Table  S.lfl),  The  times  of  the  bsginnlng  of  the  eecontl  period  of  condensation 
are  0  seconds  and  flit  seconds,  respectively,  The  later  times  selected  are  31tH 
■ecands  and  ton  second*  for  the  ai-KT  ylold,  and  171  seconds  and  ion  seconds 
tor  the  H-MT  yield.  The  mid-time  points  were  derived  in  provVouingnmatcs 
of  the  lime  when  the  top  of  the  cloud  is  near  h-b  for  the  respective  yields  the 
longer  Mine  tor  when  the  cloud  Is  near  lull  expansion,  These  relatively  late 
times  were  retooled  to  simplify  the  computations  of  rn  (  A  )j  In  bath  enses,  tho 
temperatures  at  the  Indlcntcd  times  should  be  less  than  300  to  ;iT»0*K,  nl  which 
time  l ho  second  term  of  Kq.  (l.fl  I*  essentially  *oj*o  for  most  fission  product 
elements, 


non 


llllWt'V'H',  lliei’e  Ill’ll  two  RPIICml  I'll  MOM  whl’1'0  dll'  Vlipor  IH'1'HHIII'I'H 
urn  Hi  ll!  slR'illl'leiml  with  I'l'Mpi’i'l  to  r„(A)  values  nt  thene  leinpcridures,  Till' 
lirsl  Ih  lor  llii'  rni'c  riis  elements  which  mu  normnl  Ruses  iiI  t lii'Mi*  Icmpcru- 
tnimri,  mill  I  lie  Nuniinil  lx  fur  elements  In  very  low  !)lniii(liini<i<  luivlnn  Mlidtl  vapor 
pi'CHStii'i'B  ill-  normal  tempo  mUircs.  For  both  yields,  V/(l,a!IHTItW  (II  1)  Ih 
iilmiil.  Hull)11  at  i ho  Booonil  aUltuito  point  i  thus  pj7yj(t  )  viiIiihh  less  than  iilimil 
10" ln  make  Iho  term  neKllRlblo  with  respect  to  unity,  The  only  element  h 
Inrlleatlnn  relative  promxuros  I  nr  nor  than  thin,  except  the  rare  Rimes,  lire  the 
oxides  of  He  mill  Am  for  Ihwso  pj/y/fl')  viiluo*  of  Id'11  to  10'"  are  obtnihud, 
imliciitinn  that  they  would  be  entirely  In  iho  vapor  slide  (since  rn  (A)  cannot 
have  values  loss  than  Hero),  With  those  exceptions,  Kf),  fl.fl,  for  the  tempera¬ 
ture  eomllllonH  of  the  computations  reduces  to 

Vfl(A)  f;  1  -  I'n  ( A  )  '  (0,10) 

For  the  rnre  Rases,  r„  (A)  Is  taken  to  ho  Hero,  nllhoiiifh  some 
fraction  of  these  Rases  would  surely  lw  nbsorhed  on  the  surfaces  of  the 
pnrtlulos.  In  this  onso,  It  la  assumed  that  thnfrnotlon  would  be  small  and 
that  the  rn  re  pas  atoms  formed  from  precursors  previously  condensed  on  the 
surface  of  thc  particle  would  evaporate  (thoso  formed  insbie  the  particle  are 
assumed  to  romnln  In  the  particle),  The  r„(A)  values  oalovilntod  for  the  Indloaled 
times  and  dcaerlbed  conditions  are  HiimmnrlRud  In  Table  fl.l, 

The  Independent  nuclide  yield  data  for  the  calculations  wore  rend 
from  plots  of  the  atom-yields  for  enoh  nuallde  calculated  by  Holies  n ml  Ballou '  ' 
baaed  on  the  tUendonln  postulate,  and  n  set  of  calculations  for  both  I'-linn  fission 
it  her  mnl-nept  rohS)  and  li-a,is  fission  (B-Mcv  neutrons)  was  made,  For  U-2H8 
fission,  the  oaleulatlons  wore  curried  mil  ns  dosorihori  in  Chapter  2,  For  H-8HD 
fission,  the  nuclide  fractionation  numlwl’s  were  multiplied  by  Iho  air  lonlvintlon 
rales  per  flsslon/sq  ft  nt  h  feet  above  a  uniformly  contaminated  plane,  ns 

tubulated Jiy  Miller  ami  liO«hB  nt  4ft, «  minutes  and  l,1U  hour  after  fission,  and _ 

then  summed,  The  sums  obtained  by  use  'f  the  r,»  (A)  fractionation  numbers 
were  then  added  to  each  of  the  sums  for  llm  Inter  times  obtained  by  the  respec¬ 
tive  r*(A)  sot*.  Thosu  were  then  used  to  evaluate  the  constants  of  „ 

’  ...  '  ,  *  >  Inf"  (11,11) 

were  l„  Is  the  air  InnlKidton  rate  at  lb  1,ltM  the  time  In  hmivH,  mirl  n  Is  n  con¬ 
stant  iippTTehTflc  From  <ia,s  minutes  tc  1 ,1 U  hour,  The  results  of  the  computai  lour 
are  shown  in  Table  n,a  along  with  the  rractinn  oi  the  Ionisation  ride  condensed 
up  to  the  Indienlod  time*  defined  by  the  ratio,  ln  (condensed  mixture)  /I  „ 

(normal  mixture),  for  rn  (1), 
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0 

.  ,  ;  r 

■Aim  in 

Wwum  •**>' 

0.0118  j 

0,01)1) 

0,1(110 

Ag-llft 

0,00(1 

0,01)0 

0,074 

0,074 

ciipiin 

0,0117 

0,01)7 

0,005 

ii  non 

o»i  >- 1 1  n 

0,01)7 

0,007 

0,005 

0,0115 

■  .  " 

eii-n.7 

0,151) 

0,150 

0,5118 

0,5118 

. 

cti-ua 

0,857 

0,857 

0,747 

0,747 

Cil- 1 20 

0,00(1 

0,000 

0.010 

0,010 

I’ftH 


TiiMfi  0.  I  (('imtliiiiPil) 

■>— "  ■  ■  ■  1  -m  ■»»•’!  i  »— *■  iiiimihii *.—**« tm »iM»i’ininn»^-  '.w 

H'|-KT 


HIM* 

4011* 

17-In 

0,033 

0.033 

0. 074 

0. 133 

0,  133 

0,331 

0.337 

0, 337 

0,747 

0,  MHO 

0, 1180 

o,7ir 

3,0-18 

0.048 

0,80( 

oroio 

0,010 

0, 1811 

0.377 

0,  377 

0,011 

0, 131 

0.131 

o.oo-i 

0.341 

0,041 

0,004 

0.037 

0,007  j}' 

|| 

0,004 

0.131 

0.131  i 

(1.033 

o.out 

0.030 

0.030 

o.Oijr 

0,480 

0,007 

0,704 

0.08U 

0,013 

0.013 

0, 08(1 

0, 131 
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Nuclide 

84 -KT 

14- 

MT 

2  lias 

408s 

174s 

400s 

Xu, -mi 

0 

0 

0 

1) 

xo,-iaa 

XeR-ina 

0 

0 

1) 

II 

0 

0 

U 

(1 

xo,-ia5 

0 

0 

0 

0 

xoa-iao 

0 

0 

0 

0 

Xe- 1 38 

0 

0 

0 

0 

Os-187 

0,4/78 

0.077 

■ 

0,073 

Os-188 

0,307 

0,  BBB 

0,283 

Os- 188 

0,  888 

0,888 

. 

0,080 

Ba-187 

0,478 

0,077 

•  0,078 

Bu-138 

0,808  ’ 

0.868 

0,008 

Btt-140 

0,803 

0,803 

0,338 

Ba-141 

0,434 

0,434 

(1,0011 

Btt-148 

0, 144 

0, 144 

0 

II 

La- 140 

0,803 

0,803 

0,533 

0,338 

La- 141 

0,418 

0.418 

0.001) 

0,008 

La- 148 

0, 130 

0 

"  II 

La- 14  8 

0,010 

0.010 

1) 

0 

Go- 141 

0.418 

0,418 

0.000 

/o.ooo 

Oo-t47 

0.014 

0,014 

II 

0 

l’r-143 

II  • 

0,014 

0,014 

0 

0 

Kor  all  Nwcllclos  not  listed,  t^(A)  -  0,  r„(A)  -  i.o 
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KtJtJATTON  OONH'I'AN'I'H  FOR  Am  IONIZATION  HATNH  FROM  11,7(1  TO  I.  Ill  IIOURH  A  FT  Mil 

fission  and  fiiaotion  nr  Timi  totat,  ionization  ratm  at  iih  from  fihhion 
PROnilflTR  aONDMNflrn  ON  partiolns  at  OIVMN  TlMNH  AFT  MU  HKTONATION 
or  AN  84  -KT  AND  A  U  -MT  VTMTj»  I; AND  Ml  III  FAD  K  RUHHT 


Source  of  Fission  Product  Mixture 

In 

/  r/hr  at  1  hr  \ 

\ f  1  nnl on/Ht|  l‘t / 

n 

«V<U 

l ,  u-aon 

Normal  Fl##lnn  Product  Mixture 

84-KT,  0  moo  '  ’  '  \ 

M  KT,  888  nee 

84-KT,  400  #eo 

14*  MT,  0(5  boo 

14-MT,  174  sec 

14-MT,  400  see 

(thermal  neutron#) 

T.  1  llxtO" lu 
0,47x10" ia 
,  (5, 48x1 0"111 
r.,«tKio“ Aa 
a.noxio"1^ 
8,80810" lD 
0,01x10* ‘a 

1,108  « 
1,001 
"  1,180 

1.100 
1,880 
1,140 

1.100 

1,00 

0,040 

0,700 

0,784 

0,040 

0,700 

0,784 

8,  11338 

Normal  FI##ion  Product  Mixture 

84-KT,  0  see 

84-KT,  808  #eo 

84-KT,  40(1  #ec 

14-MT,  (10  see 

14-MT,  174  «eo 

14-MT,  400  see 

(B-Mov  neutron#) 
(1,90x10*  10 
8,07x10* Ifl 
5,87x10"''' 
0,08x10*  J" 
8.40x10"  . 
0,88x10"  8 
0,04x10" ‘n 

!i'  • 

il  ••  ... 

1,084 

1,007 

1.107 

1.100 

1 ,801 
l.i  81 
1,1(10 

1,00 

0,000 

0,800 

0,810 

0,840 

0.704 

0,81.0 

Two  rather  significant  conclusions  tvbout  tho  radioactive  aompoBltlon# 
of  fnllout  are  liullanlod  by  the  result#  of  the  computation#  (providing  Dm  n#«ump*' 
tlon#  used  In  sotting  up  Dm  calculation  wore  not  In  appropriate),  The  first  oen- 
nluBlon  I#  that  no  largo  effect  of  yield  I#  Indicated,  either  for  the  gro##  fraction 
-tif-the  lontBttllon  rale  (or  of  the  number  of  flnulon  product  atom#)  condensed  In 
the  liquid  particles  or  for  the  total  frnollon  aondenaotl  Ml  a  given  Inter  tlmn,  Thu 
soooml  ennciiifllon  I#  that  in  local  fallout  the  gross  fraction  of  the  Innlxntlon  rate 
at  l  hour  hn#  n  maximum  value  of  almut  0,8,  nlnoo  mo#t  of  the  particle#  falling 
In  the  local  region#  will  hftvo  left  the  gan  cloud  hy  d00  seconds  <0,8  minute#), 

The  value#  of  n  very  from  about  l,l  to  1  ,d  t  however,  the  no  n  vnlunn  apply  only 
to  the  short  time  Interval,  0,7(1  to  I, Hi  bourn,  without  consideration  of  Induoed 
ivotlvltlen,  The  dlfferoneo#  In  the  value#  In  Table  0,8  between  tlio  Iwo  I'lssjln 
nuclides  nro  rnthor  small, 

nil 


Tim  o'doulntod  lonl  v'.nl.lon  niton  lor  Him  II  1IIIH  I'IhhIoii  (H  Mmv 
neutrons)  uni  summarised  In  Table  D  ll,  mill  IIioho  for  llio  H-MT  ylolil  nro 
plotted  ii h  ii  lunoiinn  of  time  after  ilcitmintlnn  In  Klptu rn  (1,1,  Tho  values  lor  Iho 
I)  HMdiHui  (B'1-KT)  mill  (10  second  (H-MT)  oiiniliiiiwnlloiiH  Unit  wore  given  In 
Chapter  U  nro  Inuludod  for  unmpnrison.  II.  may  I  in  noted  that  thn  mid 
solootod  (»II8  ami  17'l  seconds)  nro  not  particularly  good  choices  for  obtaining 
dlfforonaos  In  tho  (loony  curves  ii*  n  function  of  condensation  times,  Ilowovor, 
thn  differences  shown  between  tho  mltl -times  and  <10(1  Honolulu  nro  mainly  (Inn 
to  tho  not  gain  In  uamlonsiofl  rnro  gas  daughter  prod  no  in  on  tho  partlolo  surfaces 
for  tho  indUmtod  Unin  Interval i  thin  gain  la  rather  small  I'or  both  yields, 

Tho  frimtlonatlon  numbers  relative  to  thn  Ionic, ntlon  rnto  from  the 
normal  fission -product  mixture  From  thermal  neutron  fission  of  U-jJJlR  nro 
given  in  Table  0,4  for  the  condensations  at  tho  end  of  the  first  period  of 
condensation  and  at  40(1  seconds,  The  fractionation  numbers  in  the  tnblo  nro 
not  the  ones  applicable  to  rn(t)  boonuse  they  Include  differences  due  t,o  fission 
yields,  The  values  of  the  fractionation  numbers,  however,  do  show  that  tho 
fractionation  number  can  vary  by  a  factor  or  two  or  more  during  the  second 
period  of  condensation  (I, a,,  ns  n  function  of  particle  slso)  and  can  also  vnry 
svlth  time  after  dotonatlon,  depending  on  the  relative  abundances  of  tho 
condonsod  radionuclides,  "  “*  - 

In  all  tmses,  tho  computations  of  the  particle  slums,  or  tho  n  values, 
from  tho  simple  fallout  sealing  system  hnsorl  on  the  partlolo  group  fall  times, 
when  compared  with  fractionation  data  of  different  particle  groups  of  fallout 
from  test  devices  of  various  yields,  indicated  that  a  time  delay  of  considerable 
length  must  be  taken  into  leoounl  before  the  computed  r  (1)  values  agree  with  j 
the  observed  values,  This  time  delay  may  be  assoclateclwlth  the  air  circulation, 
presumably  toroidal,  In  and  about  the  rising  cloud, 

In  this  type  of  circulation  (ns  dlaousaod  in  Chapter  r>),  the  particles 
entering  the  bottom  of  the  cloud  (or  those  within  tho  volume  when  tho  circulation 
begins)  apparently  condense  out  gnscous  rndlonctlvc  elements  and  small 
previously  condensed  particles  ns  they  sweep  through  the  gas  volume,  The 
Inrgor  particles  circulate  to  the  edge  of  tho  cloud,  arc  accelerated  downward 
and  then  continue  to  fail  when  tho  putt  of  gravity  exceeds  the  upwnrd  force  of 
tho  air  circulating  back  into  the  bottom  center  of  the  fireball,  la  a  circulation  of 
this  gonornl  typo,  tho  condensations  that  occurred  at  a  given  time  In  the  eohtral 
region  of  the  circulation  would  be  in  evidence  on  particles  whoso  apparent  exit 
time,  based  on  free  fall  from  the  bottom  of  tho  cloud,  Is  much  lalor, 

From  the  few  (lain  of  Chapter  8  and  tho  tower  shot  data  of  llol'orunuo 
,1,  the  best  ngroomont  between  tho  calculated  and  observed  r  (1)  values  and 
the  observed  time  of  arrival  of  a  glvnn  partlolo  s|/,o  group  Is  obtained  by  using 
u  delay-time  oi  about  IHO  seconds  together  with  the  apparent  rate  of  Hmu  sealing 


Tiiltlu  <1.11 


t!/\ liCHI I.A'I'KI)  IONIZATION  IIATHH  OK  CION  IJNNH  III  IJ  KlNilloN  I'UDDIUIT 
MIXTUHIW  I'lUHvt  U-UtIM  (H-Muv  NIJUTHUNH)  H'lNHION  AT  HMI.HOTHH 
OONUHNHATION  TIM  WH* 


Tlmn  Aftor  Dntnniitliin 

N4-KT 

M-MT 

Vtnir* 

fin  Jm 

IlmiPN 

808  sou 

4IIIViim, 

On  Nun 

174  8 MU 

•mu  sum 

MUS 

II,  7011 

0,71 

111 

7,77 

11,49 

7,1)11 

7,78 

1.  to 

8,80 

mm 

0,00 

3,10 

-  -  ,4;  09 

4,114 

La  0A 

1,10 

I'M 

0,04 

1,18 

8,89 

11,1111 

nm  in 

1,70 

1,81 

0,007 

1,73 

1,70 

MB 

!  j 

1.07 

1,08 

0,481) 

1,04 

1,00 

.MO 

M  •.  1 

O.0A11 

11 ,  ft  54 

o,  inn 

0,048 

n.O'in 

0,107 

0.483 

0,488 

0,801 

0,417 

0,417 

11,1 

o,  107 

0,3811 

11,8811 

o.iai 

0,888 

0.3811 

10,8 

U)  NIKI1' 

M,  IBU 

0,180 

0,108 

0,  100 

II,  IflU 

K 

Hit,  A 

(1.)  044 

0,107 

0,107 

(1)  9811 

0, 107 

— U,Tt>7- 

os,  a 

(1)  080 

It)  08U 

(1)080 

(1)  007 

(1)080 

(1)  080 

91,1 

11)  u» 

(t)  1104 

(1)  004 

(1)  1 80 

(I)  non 

(1)  null 

11/18 

74.0 

I8i  oon 

(1)880  - 

(1)  030 

(!)  100 

(1)  30U 

(1)831 

1 97 

1.00,7 

<1)000 

(1)  140 

(1)  140 

(8)  901 

(1)  140 

(1)  1411 

ifl.70 

.  101 

(8)  800 

(8)  040 

(0)  1)40 

(3)  1108 

(8)  1147 

(8)  040 

-  /o,  ay 

8110 

(8)  108 

(3)  048 

(8)  048 

(3)  890 

(3)  04O 

(3)  040 

/l-M 

1140 

(8)  no 

(8)  487 

(8)  487 

(3)  ill! 

(8)  487 

(3)  437 

'81,1 

A00 

<tl)  880 

(3)  800 

(8)  880  .. 

(3)  l4l 

(81  880 

(8)  8»  1 

748 

(0)  001) 

(3)  178 

(3)  178 

(3)  1.00 

(3)  177 

(8)  ITT 

I.OST 

(0)  400 

(8)  11)0 

U)  ion 

(II)  078 

(8)  ion 

(8)  tun 

1904  ■ 

(II)  087 

(II)  oil 

(II)  01  1 

(il)  400 

(ll)i’IIO 

(U)  01 1 

8000 

(0)  800 

(0)  071) 

(II)  0TM 

(0)  111  I. 

(0)  1178 

(0)  1171) 

149 

0400 

<0)  108 

(0)  800 

(0)  301 

(0)  800 

(11)  30U 

(II)  800 

an  a 

4000 

(il)  110 

(S)  HID 

(0)  189 

(11)  1.07 

(II)  IBB 

(II)  Iu9 

7880 

(4)  470 

(4)  BBS 

(4)  5U9 

(4)  408 

(4)  908 

(4)  non 

t>  »t) 

■■HUH 

10A80 

(4)  17(1 

(4)  880 

(4)  801 

(4)  180 

(4)881 

(4)834 

Ills 

‘ll'l'ffi 

TAdUO 

(0)  077 

(5)  091) 

(9)  1180 

(9)  nio 

(9)  04 B 

(9) -0811 

II.  All 

1140 

88, 780 

(9)  870 

(9)  All 

(S)  900 

(9)  138 

(9)  908 

,  (9)  940 

DB 

1IIA7 

00,  non 

(A)  100. 

,.(»)  BOO 

(A)  880 

(0)  000 

(9)  3B8 

(9)8811  B 

A.  AD 

81)07 

48,00!) 

<(!)  A7A 

(9)  104 

(A)  IA4 

(0)  884 

(9)  180 

in)  inn 

1,11 

8080 

TliTOU 

(0)  SUB 

|A)  808 

(A)  108 

(0)  101 

(0)  nia 

(9)  108 

18.0 

(0)  104 

(0)  094 

(0)  880 

(0)  III 

(0)  91)0 

(9)  838 

17,0 

(9)  HIS 

(ft) "BO* 

(ft)  ADA 

(7)  807 

(0)  494 

(0)  004 

89,7 

(7)  000 

(0)  488 

..  (0)  9011 

(71  1107 

(0)  nnn 

(0)  pm 

n.  VllllM'H  « ft*  Fin’  ll ll-  loiiltmtlaii  lottos  In  in-1*  iVlu1  |iu)<  flNNinn/Nij  ft  lit  il  fl  ttlinvn  ii  Ninnnl.li  iilt'hl  plmin 
uiilCiii’inl.v  inmtnnilniitnil  with  Hm  mlKtuvu, 

I).  Niimhui'  In  iim'niithuNl*  In  tliu  mimliui'  nl1  kbi'm*  liotwuun  Him  iluulmnl  imliit  mill  lli’Nt  illirli . 
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funnthmM  ol'ihn  simple  I'nllout  hmiiIIiik  n,vhI<'iii,  II  might  ho  oxpnniod  llim  iIm* 
dnlny-llino  nhould  I  hi  dependent  on  IhiI.Ii  yield  mid  pMrl.lolo-sl/,0  (or  on  I  h«>  linn* 

II ini'  after  hursl),  Inil  no  reliable  fronds  with  t.hr>n«<  variables  nmild  Im>  established 
with  tin*  low  unclassified  data  available,  Therefore,  the  same  lime-delay  In 
used  to  oellmiHe  nit  the  in  mphe  values  for  each  of  Iho  condensation  tlrww  of 
Tnhlo  0.3 .  The  onUmlnttons  of  the  rv  values  corresponding  to  tho  particle  group* 
leaving  tho  flrehiill  or  cloud  m  the  eoloetad  limes,  for  (he  180  second  delay 
time,  are  shown  In  Table  fl, 8, 


Table  (i.if 

COM  IMITATION  OK  PAItTICI'iK  SI7.K  I’ARAMKTKIW  KOH  VAHHHIH 
OQNDI'I N8 AT! ON  T1 M Kfi  OF  TIIK  84 -KT  AND  14-MT  Yllfil.D 
LAND  RUM1' AON  DETONATIONS 


Time 

(dee) 

a 

m) 

ft 

Jfl/seo! 

vi 

(ft/eep) 

O' 

l,  84-KT,s0  -  2,lBxl0“ft 

9 

1.01x10“ 

30,0 

80,8 

0,84 

8118 

8,10x10“ 

8,40 

8,08 

10.(1 

400 

8. 18x10 4 

0,388 

0,080 

1  07,0 

8.  14-MT, -  4.09X30 1  ft 

- 

00 

fl, 80x10“ 

38, 1 

84,0 

0,08 

174 

4.01x10“ 

0,18 

0,70 

3,8(1 

400 

4.00x10“ 

0,710 

0,084 

48,0 

The  r„  (1)  valued  fire  plotted  ns  nn  nooumu luted  distribution  nurve. 
ne  »  At  not  l  on  of  <v ,  In  Figure  (l.lli  tho  dolled  line  applies  to  non  wilier  I'nllout 
(ace  Subsection  0.3.4).  The  elope  of  the  curve  for  n  values  between  0,0  end  8,0 
was  determined  with  the  nld  of  eome  observed  fractionation  (Inin  on  envernl 
■Ingle  rnmiidog  relative  to  7r-90  and  Ce-144,  A  single  curve  was  drawn  through  - 
the  points  In  Indicate  that,  within  the  uncertainties  In  the  calculations  and  data, 
no  real  difference*  In  the  Amotion  have  been  established  to  make  certain  that  tho 
email  differences  are  due  only  to  yield.  As  nan  be  seen,  the  curve  appears  to 
approach  a  value  of  about  80  portion!  of  the  r/hr  at  1  hr  condone  ad,  torn  values 
In  exoeee  of  100, 
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ESTIMATED  PERCENT  OF  THE  FISSION  PRODUCT  ACTIVITY  IN  r  hr  AT  1  HR  FROM  THE 
FISSION  PRODUCTS  CONDENSED  ON  PARTICLE  GROUPS  WITH  ■>  VALUES 
(ISMPH  Wind  Sp*#d)  LESS  THAN  A  STATED  VALUE 


|  to  II  10  10  40  10  10  70  10  ••  10 
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Tho  concept  of  I, ho  nocuimdnlod  Hint . rllmt  Ion  curve  fur  I  ho  Into!  Ion  of 
the  total  rndlonuolldea  condensed  u|>  In  it  given  Mine  an  11  function  of  the  particle 
groupn  allll  present  In  that  volume  In  ii  vnHil  ano,  irrespective  of  the  noournoy 
with  which  it  nun  ho  onlnulatud  liy  using  the  thermodynamic  (lulu  and  Ihn  dynamic 
aspects  of  the  full  out  model ,  The  usu  of  tlin  distribution  curve  In  n  prcclso  way, 
however,  riif|iilro«  Infnrmntlon  about.  tho  number  distribution  of  tho  particles 
with  respect  to  both  tho l r  sires  and  the  fraction  of  tho  nativity  that  In  onrrMed 
nwuy  by  each  slvse  group,  Details  of  thin  nature  allll  need  to  Iks  worked  out 
before  sniisrnoiory  estimates  nun  bo  mndet  lor  oxnniple,  of  fhu  I'ntollun  of  Mill 
or  8r-9Q  that  la  fused  Ineldu  of  particles  of  a  given  Ml m  nnd  the  frnotlon  that  In 
condensed  on  tholr  exteriors.  Tho  n mount  or  frnotlon  of  ouch  nuclide  on  tho 
smaller  particles  depends  on  tho  frnotlon  of  tho  chain  in  fiuentlan  that  In  carried 
away  by  the  larger  pnrtlolos, 

In  tho  following  trentmnntn  of  the  data  in  which  the  distribution  curve 
in  used,  no  account  Is  made  of  the  frnotlon  of-tho  activity  (In  terms  of  r/hr  at 
l  hr)  that  Is  oarried  away  by  the  larger  particles.  The  implied  assumption  is 
that  the  effeot  Is  small!  due  to  the  large  abundance  of  smaller  particles  relative 
to  the  larger  ones,  Tor  the  gross  Ionisation  rates,  this  assumption  may  not 
Involve  very  large  errors,  simply  beoauso  the  limit  or  the  fr  not  I  on  condensed 
increases  rapidly  to  altout  70  percent  and  never  Increases  beyond  about  BO  per¬ 
cent  for  the  small-partlolo  sUe*  of  Interest,  But  even  If  this  Is  the  case,  and 
the  affect  Is  small,  further  study  Is  needed  of  the  relationships  mentioned  above, 
to  estimate  the  fate  of  slngla  radionuclides,  h 

The  ourvs  of  Figure  0, a  was  used  in  conjunction  with  some  observed 
M,  (1)  valuss  from  Operation  Jangle  Phot  "B"4  to  establish  the  dependence  of 
f(o)  on  a,  The  calculation  of  the  values  of  f(or)  from  tho  data  Is  presented  In 
Table  0,0}  the  values  were  obtained, from  K 

f(o)  «  MfcxIO10  | r^l)  +  o,  o 1 9 j  Mr  (I)  w0>  mi  ,  (6,12) 

The  fallout  ooUectars  nearest  shot  point  collected  considerable 
amounts  of  debris  and  dust  from  the  desert,  kicked  up  in  the  vicinity  of  the 
collectors  by  the  blast  wave.  This  extraneous  dirt  accounts  for  tho  exceedingly 
high  observed  f(«)  values  at  those  locations,  Although  It  Is  likely  that  all  the 
recovered  samples  contained  some  extraneous  dust,  the  amount  collected  should 
have  deoraasetl  with  distance  from  shot  point,  Since  this  source  of  dust  would 
not  contribute  to  the  fallout  In  other  lues  desert -like  regions,  nor  at  tho  same 
relative  distances  from  large  yield  detonations,  ll  would  be  desirable  to  elimin¬ 
ate  Its  contribution  to  f(a)i  unfortunately,  there  nre  no  means  for  estimating  the 
amounts  of  extraneous  debris  In  the  samples  and  for  nor  reeling  the  total' mass 
to  the  mnss  of  "pure"  fallout, 
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nAtiPni.ATION  OF  l'(rv)  FI10M  DATA  FHOM 
Of  FHATION  .I  ANUli I1!  HlloT  "n!' 


(ill 

M,(l) 

\ 

"min 

"ill.  II 

rv 

'<»■„(  1)4  0.010) 

f<  rv) 

(mg/KT) 

ano 

24,000 

0,082 

0,474 

0,438 

0,100 

0,110 

i.nixio M 

800 

818 

0,4113 

0.028 

0,880 

0,880 

a  0.100 

7.00x10  '“ 

1,110 

188 

0,810 

0.080 

0,508 

0.100 

0,200 

1.77x10'“ 

1,720 

108 

0,020 

0,801) 

0,710 

0,2811 

0,272 

1,80x10'“ 

1.040 

808 

0,088 

0,800 

0,780 

0,280 

0,200 

0,22x10'“ 

8,000 

22,0 

-0.770 

1,00 

0,048 

0.004 

4,47x10" 

2,820 

32, U 

0,804 

1,04 

0,022 

0.002 

0.001 

4.70x10" 

0,040 

47,8 

0,88 

1,00 

0,070 

(1.087 

0,400 

10.0x10" 

0,400 

01.8 

0.024 

1,  IB 

1,082 

0.400 

0,440 

7,80x10" 

a;ooo 

28.0 

0,00 

1,20 

1.008 

0,448 

0,407 

0,88X10" 

0,010 

117.1  ‘ 

1,00 

1,27 

1.108 

157470 

0,470 

0.00X10" 

7,400 

17.1) 

1,00 

1,08 

1,808 

0.028 

0.044 

0,08x10" 

0,120 

l?  ,n. 

1.04 

2,02 

2,1,10 

0,087 

0.070 

0,88x10" 

12,000 

in. n 

a.  on 

n.oo 

2.80 

0.000 

0,714 

8,80x10" 

The  variation  or  the  funotlnn,  f(nt),  with  a  unn  ho  Intllontoil  In  ft  very  -  —  . 

gonoral  Borl  of  way  by  malting  tin  unulngy  between  whm  may  nomir  In  the  fnllmil  \ 

fui'ihfttlon  prooni*  to  whnl  ibnuid  onour  irt  tin  Ulonltncd  eonrlenslng  syBlem,  If 
the  Idealised  system  onniliti  or  h  group  or  suspended  drops  In  equilibrium  with 
a  dissolved  ps,  Hits  ooneontrntlon  or  Iho  condensing  pi  should  ho  the  snmtrin 
all  particles  whose  rlinmeter  Is  larger  than  a  few  tenths  of  ft  micron.  For.  them 
particles,  Iho  oonoentrntlnn  li  Independent  of  tho  pnrllole  diameter  anti,  there- 
Toro,  Independent  of  the  parameter,  «, 

In  h  system  where  the  particles  tiro  rnntdly  lVHftlofl  and  cooled  over 
a  short  period  of  time;  only  the  surface  of  the  pnrlmles  having  dlnmeters 
larger  thnn  tho  mine  lire  will  he  moltcdi  them  larger  pnrlloles  should,  In  n 
given  period  of  lime,  oondupno  nmoiinln  of  vnpnr  Hint  nro  propoi’llmml  to  Ihelr 
nurlnou  nreii  or  to  the  rti|iittro  of  Ihelr  diameters,  the  attmo  reeult  should  occur 
for  pnrtloloi  of  all  sir, os  Hint  do  not  moll  nt.  nil,  If  the  pnrlltdos  tiro  vory  largo, 
only  pnrt  of  the  stirfnoo  inny  ho  moiled  (sec  dlmusHlon  In  Phnpler  3);  tho  amount 
thill  li  onndeniml  will  not  ho  proportional  to  Ihelr  mirfnttn  im.ui, 
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'I'luiHi  In  im  Ideal  nyHinui  where  purtlelcH  uro  exposed  lor  ihe  given 
period  of  time  to  a  uniform  uonaunlmUnn  of  condensing  bum,  Urn  nil  la  of  the 
particle  mass  to  this  itmmint  condensed  on  each  piu'iidc  (m/a)  xhouldi  (l)  remain 
constant  lor  smallur  liquid  pnrttulum  (U)  bu  proportional  to  tl»«  particle  dia¬ 
meter,  (I,  for  tho  larger  Burfann-molled  partlolus  and  for  nil  nulul  pnrttoles, 
and  (H)  Increase  more  rapidly  than  the  particle  diameter  for  vury  largo  purlinUy - 
melted  particles, 

However,  In  the  fu  I  lout  formation  process  some  of  the  gmallor 
liquid  particles  can  remain  In  the  gas  volume  after  they  solidify,  nnd  condense 
material  on  their  surfaces  in  addition  in  that  contained  In  tholr  volumeei 
theae  particles  could  carry  more  activity  than  would  he  Indicated  by  ft)  above, 
Smaller  partlclee,  with  diameter  leae  than  about  SO  mtorone,  have  terminal 
fall  velooltlee  proportional  to  the  square  of  their  diameter  (Stokae1  law),  Tor 
Theee,  the  partial*  diameter  ti  proportional  tosA^/o,  Hence,  for  a  mixture 
of  small  aphericftl (previously  melted)  and  Irregular  particles,  the  ratio,  (m/a), 
ehould  not  decrease  with  /v  more  rapidly  than  does  l/W ,  If  the  amount  of 
email  unmelted  particles  that  enter  the  cloud  at  late  times  Is  large,  It  would  bo 
possible  for  the  average  value  of  (m/a)  actually  to  inoraaeo  with  re ,  For 
particles  with  diameters  from  about  80  to  1000  microns  that  have  fall  velooltlee 
roughly  proportional  to  their  diameter,  their  diameters  are  proportional  to 
vw/rv  ,  The  dependence  of  the  ratio,  (m/a),  for  theee  partloles  on  a  ehould  lie 
between  being  proportional  to  0  and  1/iv , 

If  f('v)  roughly  follows  this  admixture  of  behaviors,  it  should  deorease 
vsry  rapidly  with  cv  at  low  valuss  of  fl'  i  also,  its  rate  of  decrease  with  w  should 
also  deorease  with  ths  value  of  tv,  At  high  vnluos  of  o,  f(rv )  may  deorease  slowly 
with  rv,  have  n  constant  vaius,  or  even  pees  through  a  minimum  and  Increase  again 

In  Figure  0,9  g  proposed  outwe  for  tho  variation  of  f(fv )  with  ft  is 
showm  It  is  band  mainly  on  ths  dangle  "8"  data,  The  slope  of  the  ourve  from 
rv*0,l  to  0,6  was  determined  with  the  aid  of  single-particle  activity  data  of  fALloul 
from  low  tower  detonations  where  the  specific  activity  was  roughly  proportional 
to  the  diameter  of  the  partloles  and,  for  larger  sines  comparable  to  <v  values 
leas  than  0,1,  Increased  Use  and  lens  rapidly  with  sUs,  Ths  11ns  from  o«  0,0 
to  SO  was  based  on  a  geometric  mean  value  of  the  plotted  data  In  the  range 
<v-  0,8Tto  a, 8,  ana  oirrsveraT  values  or  m,  (ij  from  higher  yield  tlolanatlone  - 
which,  when  corrected  by  use  of  E q,  8,12,  gave  a  mean  value  of  f(fY)  of  lxlO11 
and  an  average  n  value  of  20,  No  data  were  available  far  estimating  f < rv )  at  » 
values  larger  than  90|  hence  a  constant  value  of  1x10  1  was  assumed  for  rv  values 
largsr  than  20,  i! 

The  lack  of  available  data  for  establishing  mote  accurate  values  of 
f(o)  at  the  higher  ,v  values  la  not  of  too  much  concern  for  many  usee  of  f(o) 
because  of  the  lower  levels  of  fallout  that  ore  associated  with  the  smaller 
partloles,  This  lack  of  data  is  of  much  morn  concern  In  evaluating  the  longer- 


In rm  hnviiii’ilN  thiil  iii'ii  iiHHimliiti'il  with  the  iipinkc  of  tu* I'tnln  lonm-llvcd  radio- 
PlmnontH  hy  pin ntn  nntl  nnltunln,  Hlnco  inm'li  of  thn  Htirfnoo-oondimHod, 
biologically  itvn I (nl>U>  element  h  will  l«'  nnri'lnd  bv  l.ho  amnllcr  pit rUoloH • 

Tim  mathematical  oxproMionx  liir  puriloriH  of  (ho  p iMipomerl  fimuMnn 

lor  ((*»)  nro 


f ( rv)  h  7,46xlU"  fV  1  inn/KI,  rir 

i«  a.HxlO'**  irliii^  mg/fiNHlotit  iv  *  Oil  to  0.9 
anti' 

f(rv)  «  7.90K 1 0‘ '  -o ' °* mg / KT,  nr 

»  H.64kI0",®<v"0*^^  his/fla»loni  f»  u  t'l,1?  tu  20 


((I,  111) 


(0.14) 


f<rv)  *  1,0x1 011  --mg/KT,  or 

s  7, 1 4x1 0” ia  rug /flan  Ion,  fv  <  20 


(OtM)- 


Iii  which  tho  wind  apeed  Haanolalcd  with  the  «  values  in  approximately  1ft  mph. 


The  general  equation  I’or  estimating  M  P(l)  for  n  Innd  mtrlnoe  burst, 
ft'tim  tho  alxivo  trettlirictu  of  the  dntn,  la  “  -  1 

f(fy)W-0.0d> 

D(l)q,B  [rH(l)ilp  (’)  +"1,<I  1| 


Mr(l) 


(11,10) 


In  whlah  f(ct)  la  tho  Ideal  (or  unfraotlonad)  Invarae  apoalflo  activity  in  mg/flaalon, 
D(l)  is -«n  instrument  reeponno  rnotor,  q„  fa  tho  lorrnln  nttomiatlon  factor,  H 
Is  tho  ratio  of  flaainn  to  total  yield,  ra  (l)  la  the  groan  flaaion-produot  ionlantlon 
rate  fractionation  number  at 11+1, 1  (1)  la  the  true  air  lonUatlon  rate  at  11+ 1  at 

ft  feet  abota  an  ideal  plane  uniformly  contaminated  with  the  radlonuolldoa  from 
a  normal  (unfraoUonatad)  mixture  of  flaalon  prnduola  at  n  aurfaoa  density 
equivalent  to  one  flaainn  per  aq  ft,  nntl  I , <1)  ia  the  true  air  ionisation  rate  per 
flaelon  contributed  liy  Induced  nctlvlilea. 

Wy  aubatltutlnK  0,7ft  for  p<  1 ) ,  0,7ft  for  q„ ,  O.lMxir  u  (r/hr  at  i  hr)/ 
(flaalon/Hf,  ft)  for  1  (1) ,  and  0.111x10’''®  (r/hr  at  1  hr)  (ftiainn/aq  ft)  for  i^  <1>, 

the  mass  contour  sealing  function  for  the  land  aurfnoe  Ixirat  la 


Mr(l) 


I.HIxlO11  f(iv)W •  0'0H  t  mg/(,q  ft 
•n :;,r0(l)  I  o.oiqj  r/hr  nt  I  hr 


(ft. 17) 
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ii.a.M  IIoik'ikIi'ih'c  dii  Iloiulil  "I1  Pupth.of  Mural 

When  mi  i'K|dn*lvo  charge  Is  deleonled  Ih'Idw  l|ic  surface  of  IIid 
ground,  the  apparent  under  volume  Increases  In  hIko  until  n  maximum  amount 
of  noil  In  thrown  mil.  An  thu  ehnrgo  depth  Increases  lioyomt  (.hi*  point,  the* 
nmount  of  noil  thrown  out  begin*  to  diminish  and,  «l  some  depth,  tin*  explosive 
foroo  is  no  longer  sufficient  to  break  through  tho  mirl'nce  of  tho  ground,  Whon 
iho  height  of  hurst  Is  Inorcinsod,  tho  iippnront  unitor  loom  tho  explosion  rapidly 
degreases  until  no  orator  Is  formed, 

However,  in  nuclear  explosions,  tho  updraft  of  idr  following  tho 
rising  flrobnll  usually  form*  h  imlumn  of  loosonod  soil  particles  oven  whon  no 
ronl  orator  la  formed.  Tho  height  of  burst  lit  whloh  the  local  fnllout  become* 
Insignificant  occurs  for  detonations  In  which  tho  rising  dust  column  Just  foils 
to  cntch  up  with  the  rising  cloud,  Instond  of  specifying  tho  roqulrnmont  for 
entrainment  of  soil  particle*  to  form  In  I  lout,  BNW  gives  a  rirolmll  radius  of, 
mow"1*  foot  ns  tho  minimum  height  of  burst  for, negligible  fallouti  this 
(ipight  I*  supposedly  nssoclnlod  with  the  height  for  contnet  of  the  fireball  with 
the  onrth's  surface.  1 

Since  the  gross  spaoifio  nativity  of  the  fallout  for  surf  nee  detonations 
has  boon  found  to  bo  more  or  loss  proportlonnl  to  the  muss  of  soli  removed 
from  tho  crater,  It  seems  that  tho  sumo  trend  should  occur  with  change  of  depth 
or  height  of  burst,  Thun,  tho  vnlue  of  Mf  (1)  is  expected  to  Increase  with  depth 
of  burst  and  dooronso  with  height  pf  burst,  nt  least  if  the  depths  and/or  heights 
of  burst  arc  not  large.  As  the  depth  of  burst  beuomes  very  large,  only  a  small 
amount  of  activity  should  escape  with  most  of  the  radioactivity  remaining  In  or 
bonoath  the  ornleri  that  which  doos  osonpn  is  on  very  nmnll  pnrtlolos  which 
could  be  dispersed  over  relatively  largo  nroas,  so  that  no  high  levels  of  fallriul 
would  occur., However,  the  specific  activity  of  thoao  very  small  partlolos  may 
still  ho  higher  than  It  Is  for  tho  pnrtlolos  from  detonations  at  Inlcrmodlnto  depths, 

As  the  height  of  burst  Is  Increased  (by  small  distances)  tho  smaller 
amounts  of  loosened  (or  molted)  soil  pnrtlolos  would  result  In  Increase*  In  tho 
•psolflc  activity  of  tho  fallout.  Ilowrmrr,  a  a  tho  height  of  burst  imeomos  large, 
the  sine  of  the  particles  Hint,  enn  actually  enter  the  cloud  decreases,  Nlnec 
those  that  enter  do  so  til  Inter  times  (because  of  the  height  involved),  jukI  since, 
Iflrthis  timc,i;hp  oohdeiUrnllon  of  th f  condensing  radioactivity  has  dooronsotl, 
dun  to  boTh  expnnsion  or  tho  cloud  nnd  depletion  by  vapor  condensation  to  form 
very  small  solid  pnrtlclps,  the  amount  of  radioactivity  uoiloelnd  by  each  soli 
particle  that  enter*  the  fireball  or  rising  cloud  should  he  small,  Therefore 
the  specific  activity  nf  pnrtlolos  In  the  fallout  should  first  Increase  and  then 
decrease  as  the  height  of  burst  Increases, 


A  proposed  «ni fvo  for  n  iuiihm  oorreollnn  to  M,.  (t)  ih  shown  in 
KlKWi'o  (1.4  In  wlilrh  I  ho  mass- uorreal  Inn  fnolnr,  Kx,  Ih  defined  by 


MrMl)  *  M,.  {1)/K  x  ((UH) 

wheel!  M^(l)  In  the mn»a  unlit, out*  mi  to  nl  the  nuelonr-iioalod  depth  given  liy 

XN  ■  h/ w'/a  ((1,1!)) 

awl  h  In  the  depth  of  Ini  ml  (-h  (h  tho  height  of  hurst)  and  W  Ih  the  total  yield  In 
KT  rather  thnn  In  pound*  of  TNT  iih  usually  (loflnml, 

The  point  nl  K,  o,;i  was  obtained,  from  the  Mr  (l)  data  of  Reforonoe 
4  for.  the  Operation  Jungle  "JLL"  shot,  liy  pnmpnrlng  t  he  jn  uom  u  rut  I  values  with 
those  from  the  Jangle  "H"  shot  nt  the  mimo  downwind  distance.  At  the  fargor 
heights  of  hurst  one  of  the lfvo  points  was  derived  from  thuspnalflc  nativity 
anil  ountour  ratio  tlatn  of  fn limit  from  n  tower  dotonnfloni  the  other  point  wan 
derived  from  the  HPoulflo  notlvlty  data  or  fnllmit  from  a  1m  I  loon  detonation. 

The  value*  of  K\  are  rtitioi  of  the  nverngo  values  of  (U  In  daub  enao,  Tho 
remainder  Of  tho  curve  wa*  determined  front  hlKh-usploHlviruruUii'-volume  (lain, 

In  ini  Inn  tho  propos'd  curvo,  tlui  assumption  Is  Implied  that  the 
orator  volume  or  mass  that  for  mu  fallout  varloH  as  Tor  all  heights  and 

tlopthH  of  burst  represented  by  the  ourvo.  Thin  nMHumptlon  Ih  valid,  within  tho 
accuracy  of  moat  orator  data,  for  a  fairly  wide  variation  In  noil  typo  media, 
and  for  \N  viduea  bo l woo n  about  -100  and  +70.  In  estimating  M^l)  for  n  low 
nlr»bur«l  or  shallow  underground -burnt,  Mf  (1)  nt  aolooled  values  of  the  down¬ 
wind  rllstnnoe  la  to  be  computed  for  the  an  me  yield  surface  burst  and  then 
corrected  by  use  of  Fk|.  (MS,  This  propodum  la  I  mutinied  boduuao  l<  wits 
determined  bycompnrlson  to  the  Mr  (1)  vnluoa  nt  tho  name  downwind  mMitHtturi, 
However,  without  method!  for  correcting  tho  fnllout  contours  thorns  hives  for 
height  or  depth  of  burnt,  the  contour  ratio  (1),  Is  of  leas  immediate  gonornl 
uio  than 


No  uimlitaalfltid  data  are  nvallnhle  from  which  M,  (1)  for  sou  water 
dotonatlrmn  enn  lw>  computed*,  however,  rough  estimates  may  be  made,  using 
the  dnln  In  i'lNW,  If  U  Is  assumed  that  (1)  the  mnan  of  wilier  thrown  up  Is 
proportional  to  Ihe  yield,  (11)  liolda  for  a  detonation  In  water  ns  well  uh  In 
soil,  and  (II)  fractional  mining  of  the  environ  menial  malci  M'.s  and  fission 


ilUY 


Ift/i 


prcdUclM  Ih  im'U'cr  Ini'  il  willin'  idml.  In  I'INVV,  |i,  III,  (I  In  ni-il Imnlcd  llml 
approximately  I ll" tniiH  of  wider  wnrn  o.|celcd  luln  thn  air  liy  I  ho  HO- K'l'  Ulltlnl 
linker  ilolimiillno.Thl*  In  iM|tilvii|nnl  In  ■1.r»HlO,l‘  mg/KT.  Taking  the  dcplh  nl' 

I  it  i  I'M  I  ii  h  itppi'iixlniiilnl.v  linli'  thn  depth  nl'  llm  In  goon,  Ih  iilinul  II, LI  I,  Therefore 
llin  n mould  nl'  wnl.ni’  thrown  up  for  it  hi>ii  wider  mirl'iice  ifol cmni Inti  may  lx* 
npprnxlmnled  liy 


Mw  ~  0,1'ixl lllu  W  tun  Nl’n  wafer.  (II. k()) 

Ifnw  is  tiNOf!  to  estlmato  nil  average  value  of  f(fv )  I’ot*  llm  fallout 
from  nlnud-surfnixi  detonation,  thn  frnotlonnl  mixing  of  llm  soil  unn  ho 
estimated  from  f<rv )/Mr  wiiioh,  from  Figure  (l,H  nntl  Kq,  .1,1(111,  In  found  to  ho 
approximately  glvun  liy  0,14W"°,ol4f  or  nlxiut  .10  to  14  purucmt  of  Urn  total 
xoll  thrown  out  of  Urn  crater,  For  the  surface  wntur  bunt,  the  fmetlonal 
mixing  was  itMumod  to  ha  nlxiut  no  percent  of  the  water  thrown  up  or  about  il  to 
ft  times  largor  than  that  of  tha  surface  land  detonations, 


Because  the  end  of  the  first  period  of  condensation  for  a  water 
shot  ooour«  at  about  0*0,  very  little  fractionation  of  tlm  fission  produdtn  (with 
possible  exoBptioftTrtThiTTOwpirelementi)  should  occur,  especially  for  the 
larpr  yield  detonations,  This  longer  period  of  condensation  for  the  water 
before  the  final  sen  water  fallout  particle*  are  formed  by  vapor  condensation 
should  result  In  more  thorough  mixing  of  the  water  and  the  fl**lon  product*, 
as  well  as  In  rather  uniform, concentration*  of  the  radloaollve  clement*  In 
all  -fallout  particle*  or drop*,  For  these  reasons,  f  (tv)  for  the  water  *hot* 
wtve  taken  Lo  be  bvdopondont  of  tv  ,  or  droplet  slit, e,  and  equal  to  <i,ftxl0lu  mg/KT 
or  il, 4x10 11  mg/fl**lon,  The  mn**  contour  ratio,  In  terma  of  tho  man  of 
original  sou  wntor,  lx  then  .  f 


M  I1)'"1"  ■  4  x  I  0" M  mu  Hen  water/ aq  ft  - 

l)(l)r|,~H  [l||,(l)  +  l7(T)j  r/hr  (it  1  hr 

whore  no  fractionation  of  the  radlontiolltlo*  In  the  fallout  I*  assumed, 


The  no-fraotlonatlon  assumption  In  essentially  vullilJor  yield* 
greater  than  nlxiut  H-MT.  For  lower  yield*  than  thin,  a  gras*  estimate  of 
the  pi  Co**  rraolionatrannumiior  for  a  sirriaoirwnter  detunution,.r*fii,  oairbo 
made  from  a  log-normal  distribution  curve  of  r  ^(1  >  In  which  tho  mimulltllve 
dlstrllnitlon  curve*  pusses  through  r«(! )»  0,«  at  tv » 1,  and  through  r^(  I )  * 
0,0  at  tv  -  100  (sou  dotted  line  of  Figure  (1,0),  The  simple  fallout  scaling 
system  for  the  land  surface  burst  can  be  used  to  provide  a  gross  estimate  of 
tho  fallout  area*  from  sea  water  detonations,  No  largo  or  experimentally 
observed  significant  differences  in  the  areas  of  heavy  fallout  at  son  have  boon 
found  between  tho  land  and  soil  typo*  of  detonation*  lor  large  yields, 


null 


Kur  luwi  wilt  In  limit  ilint  Ih  iIi'pohIIihI  oii  land  nroiiM  whore  llii' 
previous  vniiii'H  of  11(1)  mul  1 1,  ii|>|ily i  ilio  m ii hm  eoiilour  i'll!  In  for  Hip  i‘n limit  of  n 
In  PHii  yield  ilol  omit  loll  mi  Ilm  mirlliim  of  I  he  wilier  rodiieoN  In 


. ,  , , ,  Hit  m | j  non  water/ sq  ft 

M-<u  "  T - iTiTTni  !  hr  ' 


(tlritlO 


When  Completely  dried,  Hm  won  wilier  mill  residue,  nl  fl.H  poreonl  of  live  ill  It  In  1 
Him- Wat cj r  muss,  Ih  only  a.H/n(mg/H(|rfl.)/(r/hr  nl  I  hr), 

IUiciiuihd  llm  fnllout  drops  apparently  full  moat  of  tlm  illslimeo -from 
I, lie  hlnh  iiHIltido  in  tho  noltft  ntnlo  through tumpornturoB  whore  Urn  suhllmullon 
pressure  of  ilm  wider  In  rather  low,  thro  olimigu  In  ilroptal-MliM)  with  llmelH 
probably- vnlhor  hIow,  At.  tho  lower  and  warmer  nltlludos,  whore  the  pnrllciTos 
exist  In  the  t  Iqulf  I- Htniat-  t,hoy  el  liter  grow  larger  or  duoroaso  In  sine  by 
evaporation,  depending  oft  the  rulntlv-c  humidity  of  the  surrounding  air,  Thus, 
tho  true  value  of  Mr  (1)  for  the  arriving  particle*  omild  Iw  almost  tin  low  tin  I  he 
SI.H/lt  vtiluo  or  omild  ho  ovtiVi  larger  than  tho  nrv/B  value ,  In  dry  (worm) 
tiHinnUiw  and  over  Innd  ureas  whore  Uto  M,  (1)  value  of  tho  arriving  mate  rial 
would  ho  low,  the  fnllout  pattern  would  axiom!  muuh  fnrthor  downwind  than- 
would  ho  ontlmntod  from  use  of  Iho  simple  fnllout  sealing  nyal,em  for  bind 
•urfnoo  detonations,  This  In  pimply  boo  nun  o  the  drop  lots,  doonmslng  In  nine 
Hurt  density  tin  the  wnl  or  Eivaporutes,  would  ho  carried  to  ifwiitter-dlntnneoa  ivivl 
dispersed  aver  a  larger  aroa,  llndor  thene  conditions,  tho  deposit  level* 

'  would  all  iMMlooreaiodi 


The  maun  emunur  ratio  from  detonations  in  tptlloW  water  should 
(lop end  on  (n)jjthe~ height  or  depth  of  the  burst  point  with  if/espool  to  tho  wnlor 
surface,  (b)  jho  depth  of  the  wnlor,  and  («)  the  effeotlvellopth  of  tho  critter  In  the 
liottom  of  the  Imrhor,  Hqiifitions  for  estimating  the  contour  ratio  wore  dorlvod 
from  the  assumption  of  proportional  mixing  of  the  noil  nml  walor  contained  In  n 
net  of  iixiiiiitHiil  oone-nhiip^d’ uniter  volunu'B,  - 

for  iletoiviillonM  In  which  tlm-watur  doptb *  dw,  la_sumll  unougloo  thnl 
it  significant  amount  of  bottom  material  Is  removed,  th«  orntor  depth,  ns 
measured  from  the  sur  fatso  of  the  wnlor  to  the  bottom  of  the  orator  In  tho  harbor 
liottom,  Im  assumed  to  npproaeh  the  o ruler  depth  of  n  detonation  In  dry  soil, 

.  Using, jhu  clut.ii  of  UNW  (p.iiKl)  for  a  Innd  nurfnee  detonation,  the  ornlor  depth  Is 
given  by 


:i:»t) 


(Mil) 


whore  ft,  lii  l  hi>  nil  In  ill’  I  he  urnlor  depth  I'm'  it  Hiirlncc  ImicmI  lo  1  hi'  crnlei 
d<'|i( it  fur  ii  luii'Ml-  ill  lilt'  imuli'iir  Heeled  ili»pl h,  An  umIIiiiiiIIiih  I'lii'vr  I'ur 
A  ,  baaed  iiii  lilH'll- i'M|ili»Mlvi'  iliiln,  Ih  hIhiwii  In  I,,Ihii i'*»  n,li. 

A 

(I  Im  eonvonlunl  lo  uac  lliu  ihiihh  nullil-ln-lluulil  nil  in,  doHlpimlod 
B,  ns  if  eompoHltlnn  variable  for  l.lu>  relative  nnimmirf  of  Imrlinr  linllnm 
material  mul  son  water  na  fho  two  mn|or  ooiiHlIluonlH  of  IIiIh  typo  ol  I'nllniil. 

Tlm  Name  relative  infxInK  ratios  of  I  lie  Infix  I  miifnrlnl  removed  from  llio  tuill 
iimuirs  nnri  the  wider  voluuiun  lifted  up  to  form  fitllmil  are  mummed  lo  oi'mir 
In  flic  hnrhor  detonation  an  ucoiir  for  onoh  typo  of  shot  HopnraUdyi  tho  1'nllon 
would  limn  depend  mi  the  relative!  mu  mho  a  of  wul.nr  and  noil  that  nro  drawn 
up,  Anoni'dlnuly,  the  ration  (of  the  iimhhoh  of  each  iionHlIluciU)  would  lie 
fourthly  propnrtlonaHo  f(h)W  ’ n  1  ,,,,n  /f/(r»)i  the  proportionality  fuel  or  ttnoll‘ 
ivuiwi  ho  roliVIdd  tn  l Ho  Initial  amounts  of  Noll  and  wafer  dlnlouiUod  by  the 
diilonatlnn,  Tim  Initial  amoualn  of  each  oonNllfiiont  Involved  muni,  In  turn, 
depend  on  the  depth  of  Urn  wivUir  and  the  nine  of  time  rater  In  the  hnrhor  hoilom. 

Data  are  not  available  for  omnblltihlnu  Ihu  proportionality  I’notor 
on  an  emplrlnal  liaaln,  ho  Koomelrlcm!  (lonHldurnlloiis  were  used  to  develop  a 
model  far  oHlImntlan-lfH  vnluea,  The  aeoiiieltdcal-araUrr-Bhapoi!  amumud 
wore  two  Inverted  uonen  hath  hav Ian  llm  »nme  rnclltm,  It,  at  the  water  wirfnuo,, 
Thcf  ludrthl  of  tlm  eoae  lavolvlart  the  hnrhor  holtom  material  Ih  the  depth  of 
llm  wilier, dw  pltm  the  depth  of  thu  nrater  la  tlm  harbor  bottom,  d",  With  thin 
lU'omolry,  llm  volume  of  llm  harbor  bottom  malerlal  (wIUIh)  removed  In 

...  V N  »  ( n / 3 ) l\“  <rl )"  / < ?!„ **  I-  (ll, Ud) 

whore  it,  for  a  land  surface  detonation,  noeordlnw  to  ICNW,  In  OjJW  11  ft,  1 

Thu  depth  (or  hulKht)  of  thticono  for  tho  water  eompmmnt,  d(,  ,  was 
taken  |o  bo  eipial  to  tho  depth  of  tlm  water  involved  In  Llm  cNplonlmi  lor  tlm 
otVNti  In  which  the  waier  In  mifflelonlly  deep  ho  that  no  orator  In  formed  In  tlm 
harbor  bottom .  For  thin  rtoometry,  the  volume  of  water  Involved  In 

V,/-  (w/W  fd{  -  (cl (5  -  d*)«/(d'fl)f  ((Mil) 

Uy  aHNumlnrt  the  rallo  of  llm  bulk  density  of  fho  bottom  material  lo  that  of  the 
sun  well' r  in  lie  ii,  thu  proport-iormlUy  I  in, 'tor  is  hi  visit  by  -  -  —  — - 

aid,,”)11 

s0  -  — - — "7 - - — — - 

dj(d„”  •!  dw)“  I  -  (d'„  dw)"/(d'B)s  , 


an  i 


Flgur*  A,S 

PROPOSED  CRATER  DEPTH  CORRECTION  CURVE  FOR  THE  MASS  CONTOUR  RATIO  AS 
A  FUNCTION  OP  THE  NUCLEAR  SCALED  DEPTH 


(ii,  m 


Hlnn«  1 1';,  should  ilddi'diiwd  with  depth  of  water,  a  first-order 
ii.pproxliitiilliJii  dl  il,;’  nmy  be  nl)(  iilmui  from  a  function  of  I  ho  form 


<i;  (In*  [l  -  .l«(W).lw| 

wham  d„(W)  In  u  yield  dependent  parameter  that  must  -be  evaluated  from 
available  (lnl.fi,  It  was  not  possible  to  ovnluntu  d„(W)  from  the  data  of  KNW 
(pp, ago  and  237)  hssnueti,  for  yields  of  about  10-KT  nnd  greater,  (lint  diitn 
gives  larger  orators  In  a  harbor  bottom  (clay  mud)  under  water  than  for  a  land 
aurfn.ua  detonation,  Uouaimu  auuh  results  ure  not  In  accord  with  observations, 
the  flatn  In  KNW  are  presumably  extrapolated  Inoorreatly  from  high  explosive 
data i  hence  they  are  not  directly  applicable  to  the  higher  yield  nuclear 
explosions,  Correcting  some  of  the  I1NW  data  to  an  equivalent  nuclear  yield 
(see  Chapter  2  for  traction  of  energy  In  blast)  gives 

d„( W)  0 , 01 7 W"°*  16  ft,  >  (fl.gR) 


The  appropriate  value  of  dj  Is  obtained  from  lilq,  0.27  for  the  water 
depth  at  which  d,f  becomes  seroi  for  a  water  surface  detonation  this  is 


|lw  -  d*  -  59W0'  16  ft  V  (0.21)) 

\  .. 

From  Kq,  0,20,  the  valne;|of  di  obtained  by  assuming  the  Involvement  of  a 
hemispherical  volume  of  water  is  50W  Va  ft,  On  the  other  hand,  if  the  shape 
of  the  water  volume  thrown  up  is  assumed  to  bo  the  same  as  that  of  a  crater 
In  soil*  then  d/  ,  from  a  linear  increase  In  nil  the  soli  crater  dimensions  to 
the  voliime  of  the  water  removed,  would  be  OBW*’'11™  ft,  Thus  the  value  of  d„'  ' 
found  for  ICq,  0,20  suggests  that  the  ratio  of  tho  radius  to  the  depth  for  the 
water  "orator11  increases  more  rapidly  with  yield  than  It  does  lor  a  ornter 
in  dry  soil, 

••  ..  ••  ••  /  '' 

With  S„  defining  the  solid-to-llquld  ratio  weighting  factor,  the 
liquid  mass  fraction  weighting  factor  Is  1/(1  +  1„)  and  tho  solid  mais  fraollon 
weighting  factor  la  8„/<l  +  Sb  ).  With  theee  weighting  factors,  the  total  maan 
of  material  for  the  mixture  per  unit  of  yield  for  the  fallout  from  a  harbor 
detonation  on  thosurfnoe  of  the  witter,  is 


t„l«i  . 

I  +  »„ 


(0.00) 


aim 


The  nnlld-to-llquld  mu hh  miln  lit  n  alvcn  locnlinn  In  (ho  fn limit  (iron  In,  thon, 


iN 


•  II .  OH  I 


f  <»») 


(0,111) 


and  the  miixH  contour  ratio  for 'thin  harbor  detonation  typo  of  fallout  may  ho 
estimated  from 


7. 1x1  f)"a'1  fef  (<V) _ 

rl(l  )«|„Kxf!  [V^<  1  )i  fpli  >  +  l|(D] 


(0,118) 


for  t  rp  (I)  nml  l|  (I)  In  (r/hr  n-t  l  hr)/(rin»lon/ar|  ft),  f  ,f  (o)  111  mg/KT,  nml  In 
which  r*(|)  in  tho  gross  frnotionntlon  number  for  tho  slurry, 

For  shot  geometries  whore  H„  has  values  less  thnn  nbout  ono,  a 
largo  nrnoimt  of  water  nml  aon  water  salts  nro  prenont  In  the  fireball,  Under 
such  condition*  the  use  of  tho  rn  (i)  values  for  fallout  from  a  surface  land 

dotonntlon  la  not  appropriate— even  for  tho  solid  fraction— Iwouueo  of _ 

diflhrynoon  (n  vapor  pressures  between  the  oxide*  and  hydroxides  of  many  of 
the  fission  product  elements ,  However,  ns  the  water  content  decreases  (fi„ 
becomes  larger)  the  use  of  rM(l)  lor  the  solids  hcanmes  more  applicable,  and, 
ns  the  R„  values  dotmmso,  the  (1)  vnlucs  for  the  water  fallout  apply  ,  To 
account,  In  gross  way,  for  those  Interactions,  It  Is  suggested  that  r^<1  >  be 
estimated  from  _ 


r.w(>H  ,  S>  M 

I  1  ,% 


((1,0(1) 


-  -  if 

r;.(  l  )  *  r'n(l)  ,  S"<  )  -  ((1,04) 


For  large-yield  detonations  (WM-MT)  on  the  surface  of  tho  harbor 
wator  (where  vj,  (I)  ia-easentlftily  unity  -for  aH~ft ,  S,,  isdess  than  unity,  and 
D(l),  r|, ,  I,,,  (J),  and  i|(t)  have  tho  standard  values),  the  mass  contour  ratio  la 


I.HkIO-"  (4,HxlO‘“  +  B#f((v)Wn,nH^)  m«  slurry/sq,  ft 


Mr(l> 


(I  i  ,%  )h 


r/lir  at  I  hr 


((1,115) 


Ml), I 


I',,  (I  )  1  11.01' 


Mini,  I  nr  Imvi'i'  yh'liln,  llm  mu  II  Ipl  lr*  r  wmilil  lie  I  .Mils  in 
Imdmid  of  I ,Ha |n  11 

ItnoaiiHn  llio  riivh'iihinH  wiiro  derived  I  mm  dntn  mi  In  limit  Iriim  limit 
mtrfnou  ilntonnUonH,  utiil  luuimmii  I, ho  simple  fill  lout  model  applies  only  l.n  limit 
HUl'fnoo  ilotnnntiniiH,  umo  of  the  huiiIIiih;  1'unollnnH  ill  olhor  depths  of  hurst  will 
Intmiloofi  oi'i’tit’H  n mens:  tho  distance,  standard  intensity,  mnl  part lolo  Hl/.e 
pnvii  motors,  Those  orroi’H  should,  or  omft’Mo,  Inorcnan  as  tho  tmulcnt r  sealed 
depth  (or  height)  shifts.  farther  h way  fro  hi  aero. 

i  Knr  hiii’Ht  heights  or  dnpthH  tlmt  are  11  hiiiiiII  deviation  from  11 

surfnoo  burst,  llio  error  In  tho  extent  of  tho  fnllout  pattern  Itself  hIioiiIiI  not  be 
largo  Hlnmi  tho  o  loin  I  heights  11ml  slao  nro  not  very  sensitive  to  either  height 
or  depth  of  burst  or  typo  of  mod  In  ill  the  point  of  clotonntlon,  However,  the 
value*  of  thn  nrnsi  nontour  rntlo  Is  very  sensitive  to  tho  depth  of  burst  \  this  Is 
tndloutod  by  tho  rapid  ohnngo  of  mid  fl,  wltliXtyWhunX^ls  small,  Consklorlng 
tho  gonerni  trends  nnd  noournoy  of  thn  sour  00  dntn,  tho  fnllout  model  son  ling 
function*  for  n  surface  dotonntlon  oould  bo  used,  without  significant  Inn  rouses 
In  error  for  till  types  of  dtiloniillons  elm  motor  Uud  by\N  v  11  lues  up  to  ,1,5,  Hurl 
it  iH  likely  that  eons  latent  errors  would  hhcoma  inornnalngly  largo-for- 
values  largor  than  •  1 0.  IJy  use  of  nnd howovor,  tho  senllng  function 
for  M,  (it  vnlun*  npponrs  to  bo  hh  rollnblo  11s  tho  original  dntn  up  to  \N 
vnluos  of  *ifO,  ~ 

'  "  .  •  ""  ’  ;; .  •  i  ,.k  .  1/ 

k'  IMoiatLEiillM  from  .jUdflXJMuaUi^^ 

ttimual  Datanutlnri  flatmiaiyAfli  u  v 

a  To  lllualrnto  tho  iibo  or  tho  anal  Inn  functions  for  the  muss  contour 

fntlo  and  how  It*  vnluo  doponda  on  tho  various  pnrnmotnrs,  compulations  for 
Mj(l)  wore  mode  fori  (i)  a  Inntl  surface  dotonntlon,  (nnd  detonations  on  thn) 

(si)  wider  Burfnon,  nnd  (on  tho)  (It)  water  bottom,  for  depths  of  no,  50,  nml 
lOOTcnt,  Tho  imlnulnllon  results  fur  H„  nro  shown  Ih  Tnblo  (1,7, 

Tho  value  of  d/  Imllontos  Ihut,  lor  wnter  depths  In  excess  or  about 
i HO  foot,  the  fallout,  from  11  aurfnee  detonation,  would  be  a  pure -sou  water 
type  or  fnllout.  It  nmy  bo  noted  that  <1/  bn*  boon  norroutcid  for  depth  of  burst 
by  1A>a  In  tho  anme  wny  ns  d,,  nnd  d’1,  / 


Mi!'  oinnputliiH  M  r  < I ) ,  the  pa i‘it mttli' i*H  11,  q, ,  it m I  |)(|)  worn  tn Ut>n 
1.0  Itn  1,0,  0,70  1111(1  0,70,  ri>H|iiH*llvnly,  Willi  these  values,  t h«>  iiiiimm  ponloiir 
ratio  Hcmllnn  fuiiotlen  heeomoH 


Mr 


\ 


n  nr  I 


I  4  lix  1  ‘I’ 11,1  tji(  (n  ) _ _ 

oTh in 715,1  !■'*  (i)  i  o.  | ixio 


■  I 


(II,  00) 


M« 


l,H3x)0'11  fH|  (nj 

jr 


3„  <  1 


Tahiti  0,7 


(0,117) 


COMPUTATION  OF  B„  FOR  SEVERAL  DETONATION 
CONDITIONS  OF  A  1  -MT  FISSION  WEAPON 


Depth  of 
Durst 
(ft) 

An 

i.L 

(ft) 

\ 

V 

d„ 

(it) 

d" 

(ft) 

d; 

(ft) 

f»n 

0 

0 

20 

1,0 

1,0 

140 

124 

178 

11,411 

20 

•8,0 

20 

0,00 

0,80 

ino 

11)0 

108 

*  11,81) 

0 

0 

no 

1,0 

1,0 

140 

101 

178 

0,800 

DO 

n,o 

no 

0,74 

0,01) 

ISO 

ino 

240 

1,20 

n 

0 

too 

1,0 

1,0 

140 

01 

178 

0,108 

|«0 

10,0 

100 

0.07 

0.4,7 

240 

108 

,118 

0,272 

The  (t)  vnluo*  lit  various  downwind  illstiiiioes  are  Riven  In  Table  (1,8, 

The  values  for  r  *  (i)  were  calculated  iiy  use  of  Kq,  fl.flil  lor  H„  Mil, 
11,81),  and  1,20,  Al  distance*  where  I  mill  stem  and  cloud  fallout  nuour,  the  over- 
nil  M p ( I )  values,  wore  calculated  Iiy  multiplying  tho  Individual  rnllo*  Iiy  the 
rospeotlvii  I  vii lues,  HddluR  tho  mnsHos  ohtnlnod,  and  then  dividing  the  total  iiy 
the  sum  of  (hi*  two  I  values;  \ 


Neleotlon  of  tho  surface -water  and  boltein  detonatloiiH  wits  made  mo  iim 
to  kIvo  tho  spread  In  M,  (t)  values  for  detonations  anywhere  in  the  water  layer1, 
dlls  Mprend  Is  not  large  for  20  and  IH1  lent  depth*,  hut  at  100  feet  the  s|iread  Ih 
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nhoiil  m  I'm  nt  nr  nl'  a,  Tim  Inrge  ohiiiige  in  M  (-  ( 1 )  from  dry-null  I'm  I  Ii  mt  In  Hint 
fur  (ho  fid  lout  from  n  di'loiintlon  on  Ilm  Hiirfnon  of  ail  feel  of  wider  1h,  of  emirse, 
tin**  to  I  ho  Inrger  iimoimtH  of  wider  thrown  up,  No  idwoUilo  iimiruey  enn  hi> 
Miiiiotl  for  nny  of  I, ho  niimlioni  for  (ho  hfirhnr-nhot  fnllmiii  however,  Ilm  viiitum 
for  the  wiifur-suri'iuio  detonation*  uro  more  luimirnfo,  tnlioii  rolnflvo  lo  enelt 
other,  than  urn  Um  absolute  values  of  tlm  muss  oontmir  ratios, 


(1"'i 


Hlncm  two  fission-product  atoms  nvo  produced  In  uneh  fission  event,  thorn 
lire  HiHlixTO  M‘l  moles  of  fission  produnta  formed  per  ft  melon,  or  (Mild  mole*  of/ 
fimaton  products  produced  por  kllolon  of  yield,  Thu  distribution  of  thunc  products 
over  an  nxlcndod  arpn  would  result  In  an  air  Ion  I  rat  I  on  rntu  nt  H  foul,  above  the 
am  given  by  It,,  (t)  In  r/hr  par  fimslon/itq  rt.  Thun  tho  fission-product  contour 
ratio  for  it  fractionated  mixture,  inolitdlng  jlmiuuod  aatlvltlospfrom  it  land 
surface  rtoloniitlon,  I*  given  by 


FPr(l>  « 


t  .:UxlO"ul^jAt'JA(^) 
nu)q,  [r„{l)i,n  (ir'fljfl] 


main*  fp/iiq  ft 
r/hi'  a  I;  .1  hr 


. . . ((1,118) 


whore  ri*(«)  I* -the  fraction  of  ottuh  nualldo  condensed  r>n  the  particle  group 
designated  by  rv  rulutlvo  to  the  total  number'.. of  flsslona ,  and.  Is  tltil'lhotl  by 

*  f  [i'.(A)  I  I'd ( A )|  yA  ((!.«(>) 


In  which  r„  (A)  la  the  fraction  of  Lite  mass  chain  for  it  given  element  (or  chain 
runs*  number)  condensed  when  the  particle*  wore  in  the  liquid  state,  r„  (A)  l* 
the  fraction  condensed  on  the  stlrfacu  of  the  particle*  of  nlr.o  rv,  ,va  I*  the 
yield  of  the  mn*a  chain  In  atom*  per  fission,  and  the  I'liutor  u  I*  for  Urn  lotnl 
yield  of  a  atom*  per  fission.  If  no  fractionation  muni  rs  the  Hum  of  ilm  r,  A(«) 
for  nil  tv  l*  unity,  <  .  ■ 


Using  l,lm  Miimilnrd  vitltmn  of  f)(l),  q„ ,  end  I,  (I),  FP„  (|)  |h  given 

h.  HU  in- 111  «jArjA(»») 
fPnd)  '■  0,01. 'll 


FI'  (I) 


(fii'in) 


For  non  witter  or  ImrolHypo  fallout,  rn(l)  In  replaced  by  r|(  (I)  or  r*  (l)i  llnin 
the  value  of  FPr  (t)  Is  dependent  on  the  eondlllonH  of  diminution  only  through 
tin'  gross  ITiiotlomitlcin  number, 


:ih 


Tho  fvnolInn-oMi'vloo  t'oniciii i<  ratio,  In  liirnin  or  this  loliil  numlit'l'  of 
II  union  events,  In 


JTp)r(i : 


7,1x10''“ 

fun*  wnnwu  .w—w  if  ■  ww 

i'„(l}lfP(l)  +  i|0 


(r/hr  nli  I  hr  -  sq  Cl)'1.  <0.41) 


or,  for  the  standard  values  of  U(l),  cj„,  and  I,  (i), 

I  ,H  JjcI  0®*1 

FD,  I  ■  — “7 - - a  <l,4«) 

RW  [r„(l)  +  0,019] 

The  fractlon-of'-duvloe  contour  ratio  has  two  uboh.  Tho  first  In  Dial  H  In 
used  to  estimate  the  surface  danatty  of  constituents  that  are  assumed  to  mix 
uniformly  with  the  more  refractory  Union  products,  The  eeoond  la  that  It  la 
usscl  In  conjunction  with  observed  fallout  patterns  when  the  latter  urn  Integrated 
for  the  total  fraction  of  the  weapon  contained  within  a  atated  loniaation  rate 
contour.  The  use  of  both  contour  ratio*  la  Illustrated  In  Chapter  7 ,  Volume  11. 

For  a  land  at ir face  burnt,  the  average  concentration  of  tho  1'tnatnn 
profiuota  Is  eatiwated  from  th*  ratio  of  ffp  (1)  to  Mr  <i)i  thla  l« 

:  1.iax.i  &“,lBW0'08,»lAr1A<«)  \  ,  mole  a  fp 

-  Cf.  »  - - - - r.JtJi " - JL  (0,411) 

*  •••  ■  flea)  I  mg  fallout 


10,4a) 


0,4  Follagfl-Oontamlnntlon  Factor  Contour  Hallo 

In  Ohaptar  9,  the  foliage  contamination  factor ,  uL,  was defined  nn  the 
ratio  of  the  number  of  fissions  In  the  fallout  on  foliage  per  gram  of  dry  plant 
(or  foliage)  to  the  number  of  flaaions  in  the  total  deposited  fallout,  per  aq  ft 
«r  loll,  Alio,  the  foliage  surface  density  rw.,  (subject  to  oontam  (nation)  waa 
defined  n*  the  grama  of  dry  folia##  per  aq  ftrbf  anil,  Therefore,  the  foliage- 
contim  fruition  factor  contour  rgtto  is  defined  by 

nrw,  flaalona  on  foliage /ft1  of  soil  area 
FC.lt)  ft  •JSxJZn  . .  — —  . in.  . — . . . ((1,44) 

K«(t)  r/hr 


Tho  nnntour  ratio,  nviilimtod  it*  of  II  -i  1,  In 

BjW.  fluwiim*  on  I'nl  lsign/f|“  nf  mill  nrtwi 

rcr(i)  -  -=-=  _ - — — - —  (d,4n) 

Krt(  I )  v/Uv  «t,  1  lit* 

wlwro 

Ka(i)  «  1.90x1 0-“*  L(i)  +  o,oigl  . i'-1'  ((Mat 

*•  *  fission/ft’ 

when  tho  standard  value*  of  D(l)  and  q_  are  uteri,  It  i*  noun  that  multlpllmtlrm 
nf  FO,  (1)  by  1(1)  give*  th*  numlnr  of  rla*lon*  on  foliage  per  sq  ft  of  anil  area, 

The  M*ero«fclmeM  number  of  atom*  of  a  given  radionuclide  (at  least  for 
the  and  Member  of  a  malt  chain)  In  the  fallout  is  given  by 


((1,47) 


In  whloh  Ya  is  the  mate  chain  yield  in  atom*  per  fiselon  of  mate  number  A, 

_  The  major  lnterset  in  tho  contamination  of  foliage by  fallout  is  related  _ ... 

to  the  fact  that  the  consumption  of  the  foliage  by  animal*  and  humane  may 
produce  an  Internal  radiological  haeard,.  Therefore,  general laatlon  and 
extensions  of  the  foliage  contamination  factor  data  from  tower-awl  balloon- 
detonation  fallout  m  needed  for  making  estimate*  of  the  potential  biological 
availability  of  the  radionuclides  In  the  fallout  from  other  type*  of  nuclear 
explosions  and  for  various  foliage  contamination  conditions, 

I  '  H" 

When  oontam  mated  foliage  U  consumed,  eome  of  the  radlonuolldse  or 
*ame  fraotlon  of  each  nuclide  ingested  ie  dieealved  In  the  stomach  fluldei 
the  remainder  atuyi  with  the  particle*  and  pa**  through  the  digestive  tract, 

Many  of  the  dissolved  nuclide*  an  aiatm Hated  into  the  blow)  and  concentrate  v: 
in  specific  body  organ*.  The fnotor*  Involved  In,  this  dlitflbutlon  and  the 
method*  for  estimating  the  remitting  Internal  does*  are  given  by  K,K.  Morgan 
and  other* l1 


-  ...  ..  „ 

However,  method*  are  needed  for  estimating  the  relative  amount' of  each 
nuclide  that  I*  eoluble  In  the  stomach  fluid*,  Kvaluatlnns  of  the  Internal 
heaard  can  lie  made  (for  fallout  condition*  In*  nuclear  war,  for  example)  from 
the  generalisation!;  of  the  foliage  contamination  factor  together  with  estimates 
of  the  flolubllltlee  of  the  radionuolldea, 


•J  *,l 


im 


Thn  iiiiiiiiin,  nf  ritilliuiH.I  vo  iii'rlldi'H  Uml  piiNM  llii'isugh  1  h<>  dlip'Ml  tvn  Irurl 
mny  hi'  I’lmHlili'i'iul  «n|iii rnl.i'ly  liiuimmo  n  liirgn  fnicmni  of  rnrtiilii  rmllmiutdldi'H 
In  llin  In  1 1  nn  I.  will  hn  liiNnluliln.  l''or  IhoNo  riidlnmudldoH,  only  thn  htohih  nimmiiln 
tuiMN|nf$  through  nnml  hn  nmmldni'nd.  Ilnwovnr,  I'm'  llin  nnan  of  llin  hmhI  ml  hit  l«>n 
ol' tlm  nnlilliln  ntiidhloM  In  iitlmr  body  iirgiuiH,  muili  mdlnmiolldn  nnwl  Ihm>uii- 
nldoml  Hopiirnlnly,  „ 


A  Krnra  oatlnmto  of  the  rnrllonotl vlty  of  Inaolublo  mini  ulna  pn suing 
through  t|in  dlunallvo  tract  from  ihgoatlon  of  unntnmlnatnrl  fnllngo  onu  bn  nimln 
If  It  la  nasunind  thnl  the  groa*  solubility  of  thorfullonolllvlty  la  thoannw  In  the 
atomnuh  nn  II  la  In  0. IN  MCI.,.  If  thn  aoluhlo  frnctlon  of  llin  groua  ni'tlylty  Ik 
defined  na  H(t),  tlm  number  of  moloi  of  fiaalon  product  11  Ionia  Ingonlod  Unit 
pnaa  through  Iho  digoattva  .trout  with  llin  parlldma  la  given  by  \ 


FP„  »  I 


Mxltr'w  j*,  .  «(,,)]  Ajj'C.d) 


inoltta  a!  /I  anion  iirnditutN 

cj-MMim^n.in.in  n«»-iii.inn»—>|ifc»  »U»I  . . I  1 1 II II  I)  ill  ■wp.-.>,«vVf,f. 

day  '.I ' '  v:. 


(IMS) 


Where  Ap<  la  l''CP(l)f<t)  In  fiastons  on  follfiga/ft*  of  aoll  nVntt .  nnd  C„  (t)  la  In 
ft*  of  folfnga  no  nau  mod /fifty,  Equation  0,4*  non  bo  written  In  torm»  of  dla/aoe, 

na 


£*»«.>■  [l  •  Sit)]  ArCw(t)a,„(t)  cl|e/Hnn  (0.4,1) 

*  ■  day  - 

11  v  •  •' 

Mvhflra  afp  (t)  l*  indti/fcM  per  fiplon  at  tha  Hma,  t,  nrtor  rlnioimUnn ,  It  my  hn 
noted  that  If  0*  (t)  la  defined  In  Uirma  of  grama  of  dry  follfigo  per  day,  wT  mny 
be  allminated  from  the  definition  of  fO,  (t)  in  Iflqai.  0,44  and  fl.  i!). 

Theoretical  estimate*  of  the  fraottonal  nmoulU  nr  Inaolublo  aotlvltlea 
may  bo  made  from  th#  data  of  Ohupter  I  If  it  |a  Resumed  that  nil  iluvriaaion- 
produot  nuolldea  on  the  exterior  aurfaoe  of  the  partlolea  dlaaolvo  in  tlm  atomnnh 
fluid*,  Thn  fruoiinn  not  iiiaanlvnd  fa  then  given  by  the  rn(A)  value*  for  niah  of 
thn  flaalon-prodirat  nuelldtta,  "If  thoao  frnotlonntjon  mimhora  am  poilnfljiinr)  na 
rjA  •  whore  ,1  Uoilgnnloa  the  olomonl  and  A  the  maaa  number  (isotope),  than 
rfqa,  0,4fl  and  if!,  1 0  »mn  ,*o  written  «» 


AFc«<t!£jA|l,|ANjA(t) 


mnlos  of  fission  pi'ntlut'l'ft 


311 


Aj,<,|it.p:  v  v.  \(M  "  (it.iil 

1 .  •  1  i  I  •  i  Y 

whui'i!  N  |/\  (A)  Is  tho  munbor  of  nUmiii  nl  pldiiioni  j  with  I hi<  iiiiimh  nmniior  A  pi« 
flaplnil  n't  iho  limn,  I,  nriot*  I'lfisbm,  n.m.(  i!  jr\  (!)  Is  l!n*  iiHU'I'ly  In  ,/IIh/muu  _ 
I'lHHloll  of  Iho  lllldlMd  (| hit  liullddM  A  mill  j  dofliio  Ihd  miolldo  IiV  Iim'ium  nT  IfH  'iiuiH 
im,nihot' ilnd  IIh  nliimln  niimhnr ,  nr  n|(>!in'iiinl  ilnslKiiiiHmij,  j  ■*' 


(1, 4, a  Holuhlo^Nnolldu  T'raullona 

'  '  4  *\  _ 

The  solubility  In  illgostlvci  fluids  ol  ciioTi  dlontdiil  ,  t'/ulliitiuoUdo,. 
flurried  by  the  fallout  pnrtldloM . deposited  on  edible  loUnge  imiHt  bn  known  before 
inetlrnatuB  nl’ the  am  mint#  of  enob  that  tionotinlriUo  In"  Hit*  Hmio  tif  (spnolflo)  body 
MWM'IW  bo  nutde.  If  tho  mifilliln  MoInbiUiloH  in  0,1  normal  HCt  solution  lire 
Lhojinmd  nf -in  dlgoBtlvo  riulrls,  then  jiiouhm rotjibhtH..’uT. tho  HolubtllUuM  in  llio  nuld 
nrifTTio  usofl  In  nuah  ostlmnlos.  #Slho  solubility  in  lljo  JU  nm'iruil  MCI  suitUion 
In  dol'lnod  nit  Sj  jor  the  Jlh^lomoiH,  tho  nnrmint  amtTnidtntltiUvKy  of  ibci  lib 
-iwliommildg  ij-dtsifllvefbi#  _ - i_-± — 


n]'a  »  1 . 60HI  0“9,‘  A£l,CTlltl:)M|N)A(l )  inn|«ifi/dH 


—  ajA  T  Ap. t-;,(i)a)itj^( i )  v V.;  "(0.B3)' 

in  whfcihlj  is  the  fmotlfm :^f:oimiehfXliR&t  B:Htiiii|)ln;  Thedfelftni  iippeeHImvi 
AaduMyif-Jijk.  tt)_find  tut  can  be  cutlmiited  by  substituting  tho  npppoprlttte  valium 
of  i'„  (A),  nrieftriMl L^t|Ai  Rlvwljy  piij,  ti.d  foh  R|, 

b  -  ft  ihmild  bn  ewpiifisthod  that,  I’rip  pnowil  iwlluiiblTHy,  the  \miner 
of  fl(t)  and  8j  must- bo  known  a«  a  I’ll  notion  of  puHTelo-illniiietnr,  hir  iho 
smnllor  pari, kilos,  l,]ie  values  of  Hn  (A),  m>  r)A  are  jmlepemloiil  of  piu-Hole  nl/,o/ 
bill  the  values of  i*n,.(A)i  op  rfA,  are  not.  ,  f 


in  I'iuiUir  with  I’nri, bill'll  filar* 


Tho  values  of  n.  find  Kri(l)  clopund  on  pnrlbdo  mUo.  flu*  ildpnmUsW 
ol  Iho  latter  on  Iho  piii'Holo-Blrm  donlgiuilnr1,  r »■ ,  1  m  rojircMi'hlnd  by  Im|,  ii.ln.  'I'lic 
dependents  of  n  on  o-  was  derived  I  rom  Iho  did  n  ol  Unmju.y'  mm  oownrkofw" 
p  remold  oil  In  (dmjitrr  a. 


Ill  *1 


I'lli '  vti  1 1  in  i  ii|  ii  lint  I  an  .  1 1 1|  ■  I  j  ■  nl  ill  In  I  lir  a  i  i<iii. .  iiu.miimI  *  a  I 
mI  ii  |  u’r  i  r  i  n  1 1 -i I  Inli'il  1 1  mu 

<  >•„  •  /!  ■ 

u-jmi  r  X  Im  Ihc  1 1  IhI  ii  iii"1  from  |j;i'iiimil  -/.eim  mill  Ii  ln'llir  niiri  Imlnlil  i>l  I  In*  rlnuit. 
l'jh>  vuliliwi  nl  ii*  j|  I'tm  hr  iimhI  In  OHtiuiiilp  ihr-  iunlliui  |in  ri  Irlr-illiiiiirli'i'  nl  I  hr 
|  ill  1 1  Ii'U'm  ilruim  il.rul  nl  Ihr  ilirilimrn  X.lsy  I  hr  mnl  OmcIh  *  |i  iuii  i- i  Im  >i  I  In  ('hl!|!!r!'  .1- 
Wlirn  v  i  (Hm  hill  vnlnuKy)  run  Im  ilelorm IiiihI  Ini'  fho  iiieillini  (in rl I c lt<  illmnolei', 
n h  nhliVlr.mil  I'i'ihii  pnrd'elr'-Hl/m  dn la ,  limn  Ihr  Iii  mplt  vnltie  of-  'i  „  j.ui n  Im  ilrliir- 
nilneil  li'finr 


{/ 


4'm-  vT  .iniRsh  per-  *ec 

for  which  values  of  it. 


n, ,  .*.,0/ * • ,  (ft.nn) 

■lilivl;  Tl'ir  vn hum  nl'  Ii  uml  nlhor  rluin ,  for  fife  deiriimipnH. 
j  tiro  nval  Inhlc ,  am  ft'i  vtan  In 

Tiililn<i.» 


fHJMM-AltY  t)!'’  MflO’IV  c;pNI».fTlC.)NH  KOH  KHTIMATINfi  'l.’M I-:  M.KDIAN 
7  "■■■■■' 3  ;  PAjri’l f-Vf . i*n J| AM  l,;vl’ I'i ll  JiKNinNATnn  -* 


"  Hhol  •' 

■•••■  ]i  Ylnlrl 
■  ' (KT)  -- 

,  IIoiMilU 

„  Of  lUll'Ml 
(feel.) 

■  h 

(feel.) 

Type  nf 
Hhol 

Ti'Mlii .. 

7  - 

!10(l 

-  04,000 

Towel' 

Annie ! 

H 

■  •-  flOO 

..  07 .000 

Towel' 

Mel:  .... 

ay 

-  400 

,'10,000 

.  Tower 

Apple  If 

an 

7.  000  — 

MO. 500 

Tmvi'i' 

ih’lwel  Hu 

••/  07 

•f  700  .  < 

04,500 

HO  II  on  11 

iMnhln 

/-'  17 

non 

ych,  0x1.0 

Town  l' 

Hhllsln 

:  17  '  '  ' 

non  '  ' 

04  ,000 

Towel' 

Hnmky 

•l-l 

700 

/•  02,1100 

4  . 

Towel' 

-f 


,  .  The  vrilueH  nl  Ihe  iiinillnn  piii'lleln  sl/m.  with  re.ttpoflf  In  dye  dlsnT 
tuition  nl  hrllvlly  on  Ihe  pH  I'lleleM,  Ini’  Iwu  I«m’U I  I«»,Iih  rurli  mi  HIi"d(h  i\pp It'  II  anil 
Kmaky,  filnnw'iwllli-'lhe  pmiiptiliil Inns  r.f  ;i it-  i\l'.  i.ii  in  Till, It-  (I. In. -Thr  »f„ 

_  values  eii  leu  In  I  nil  liy  ihe  Iwn  nielhuds  mm  nriVrly/  tin-  emnr. 


I'M  I  lie  II.  HI 


CAI, CITATION  ( li1’  Td||  HOMK  t'AITOHT  KOCATIONH  I1' HUM 
WIDTH  API' 1.0  AND  HMnKY 


Hlinl 

X 

(mili'n) 

{ndi'i'iuint 

Vf 

(fl/noo) 

n  X/h 

n>  32,0/V| 

Applet  II 

"■J  7  . 

-  ’  • 

« 

0,000 

(0,0(10) 

48 

1 2(1  . 

0,34  . 

,  0,08  - 

, .  0,00 

100 

70 

1,110 

14,0 

10,8 

Hmnky 

1112  '• 

00 

0,04  .«,J 

■  31,8 

an  ,4 

200 

47 

0,07 

114,0 

1)8,8 

a  no 

«  il 

1 

43,8 

(41,3) 

The  values  pf  ftj  given  In  Tahir  U ,1 8  (sop  Chnplpr  3)  anti  |i lotted 
~inT%OTs_tfrO'ttiTi  fu notion w^“v^wriJimipiTtoH“hiy  line  rif  leq .  H,84T7l-htir'iBt 
iif  dtllit  fpf-flio  retention  of  fallout. by native,  plants,  le-wldely  *tittUeroti| 
however,  thti  gontiml  trend  or  the  values  of  a,  frotti  Individual  shots  Is  to 
increase  with  Increasing  o’*.-  Part,  of  the  rlifroronao  In  .the  observer!:  variation 
of  it1(  with  rv  from  one  delonalllon  to  another  il  iv^tlaai htoct t,V  t(ui»  to  the  Inal  that 
rllifcrenaos  In  wind  speed  ooaurml,  Othe r  oiuiseik  of  the  differnneos  In  the 
variation  will)  a  aoutrl.  Iks  due  to  dlfl’orenaes  In  humIdfiyitiBmiitloni  and  Ih  the 
_  ■  predominant  t,yp(5«  of  lollago  tlmi  were  oolUuited  l'oMtnalyBOB.  " 

The  value*  of  a,  oalputalorl  from  tho  data  of  Table  a.  10  (eae  Chapter 
:  g)  for  tho  forage  crops  (olover,  alfalfa,  wheat,  and  mixed  grasses)  are  plotted 
— In I  Iftgui’B-fl.flfli) --a --funul-iuh-  of  'l.Wti  rv„  values  Unit  wore  cidrreolnrl  to  fin  nvtn  .(go 
wind  speed  of  16  miles  por  hour  (see  'Table  0,10)',  Hlnno  the  absolute  aoeuriipy 
of  the  swirop  dam  Is  probably  not  better  than  60  pproenl,  n  single  line  was 
■  drawn  through  tho  piiJtfpd -dffttti  negleotmgone point ,  The  suggemntl  ropraiih- 


Itttlon  of  it,  for  lot 
I  j  ..  /i 


n  ,v  -  g.hKlO"1'  (fV„  ..  0,  M ) |  rv,,  *0,14 


JO.  60) 


The  (inniplciu  reprosimlntioji  uf  the  foliage  uontnmlnatlun  taolu  r 
ooninur  rnilo  for  evaluation  nl  H  U  hour  Is  then 


K'(  r(  i ) 


-VMx  I  0  vv ,  (of,,  t,  0.  id) 

- — - — - - -  n,()  v  n>  j,| 

(r„(  I  )  I  0.0 11)) 


(11,07) 


i’!w  vo Ini'  of  ri'r  (I)  for  »r„  vnliiies  less  than  i/.iH  is  i,.  ton  to  bo  soro, 

04  1 


rlflur*  6,6 

VARIATION  OF  u,  WITH  CALCULATED  VALUES  OF  .tfl 


If  it  la  Resumed  that  the  aurfnue  densities  of  the  clover  and  wheat 
foliage  in  the  flnte  lined  on  Apple  II  detonation  were  higher  than  the  average 
for  miuh  crops,  then  a  range  of  value*  of  wx,  may  b«i  suggested.  These  arei 


Red  Glover  i 

Wheat  i 

Alfalfa  i 

Mixed  Qruaaes  t 


Wj^  -  S  lu  SOi  gin,  dry  fllhUfit/ft U  of  Soil  BUrfilie 

w£  -  10  to  40  gm,  dry  plant/ft 9  of  aoil  surface 

Wjj  *  10  to  8b  gni,  dry  plant/ft9  of  soil  surface 

wj,  -  B  to  as  gm,  dry  plant/ft1  of  aoll  surface 


Wide  variations  in  wL  from  these  ranges  might  ooour  in  various  motions  of 
the  country, 


The  fraction  of  the  total  fallout  that  i»  retained  on  foliage  a  an  be 
estimated  from  the  produot  a^wr,  Thus,  for  a  wr  value  of  80,  ths  fraction 
retained  is  1,9x10 "s(  aB  -  0,84),  Jn  Table  0,8,  the  value  of  cvtt  at  the  1  r/hr  at  1 
hr  contour  farthest  downwind  from  ground  sera  la  86,1 1  at  this  looation,  aLwL 
is  then  0,049,  or  about  5  percent,  and  the  ealeulated  value  of  rs'(l)  is  0.77, 
Hanoi,  from  Eq,  o,B7f  the  value  of  F0,(1),  is  i,0xlOu  (flasicm*  on  foUaga/ft1 
of  aoll  area)/(r/hr  at  1  hr). 

Eatimatai  of  th«  median  sise  (or  sit50*range)  of  partioiea  retained 
on  foliage  may  be  mads  if  the  variation  with  m  of  the  median  diameter  of  tha 
partioiea  in  the  depoeited  fallout  la  known.  In  Figure  0,7  the  value*  of  the 
median  diameter*  of  the  fallout  lodgad  on  follaga,  taken  from  Table  9,16,  are 
plotted  as  a  function  of  o».  For  these  data,  the  median  diameter  of  the  fallout 
partioiea  on  the  follaga  inornate  with  ev0 1  thus,  the  median  diameter  of  the 
retained  fallout  lnoraaaes  as  the  median  diamatar  of  the  deposited  fallout 
dear*****, 

Clearly  this  trend  in  the  median  diameter  of  the  retained  partlalas 
with  at  could  hot  continue  indefinitely  einoe  at  ioma  point,  when  the  diameteri 
of  the  deposited  fallout  partioiea  beooms  vary  email,  all  the  partlaieaoould  be 
retained  by  the  foliage,  To  illustrate  this  aspect,  calculated  value*  of  tha 
median  diameter  <d* )  for  the  deposited  fallout  are  alio  plotted  ae  a  function  of 
In  Figure  0,7.  Extrapolation  the  linear  representation  of  the  data  for  d. 
of  the  foliage-retained  partioiea  ai  a  function  of  oa  to, the  ourva  for  d  ,n  of  the 
deposited  fallout  gives  a  maximum  value  of  about  57  microns, 

The  various  functional  representations  of  the  foliage  contamination 
factor  contour  ratio,  *•  derived  from  the  data  of  Romney  and  o  (worker*9,  are 
based  on  information  obtained  from  nuolsar  detonations  of  tower  and  balloon- 
mounted  devioei,  However,  in  the  treatment  of  that  data  the  emphaela  wee 
ptaoea  on  the  particular  mathematical  functions  that  oould  be  uaed  in  making 
estimates  of  internal  hattard  from  fallout  produced  by  lnnd*surf*a«  detonations, 
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Thin  iippliimllon  should  lio  valid  for  uny  oomilllon  of  dolonutlon  ulnae  tho  sumo 
physlcm!  phnnnmomt  must  I  to  Involved  in  pnrllole  I'otantlnn  Ity  fnllngo  irronpeollvo 
of  tho  source  of  tho  doposlting  particle*,  When  more  dnln  bnuomo  nvnllnblo, 
the  proponed  representation*  of  tho  proooBBOB  ami  ho  nUarpcI  to  ha  either  more 
■pacific  for  different  type*  of  foliage  or  otherwise  more  uompliented  depending 
on  the  observed  variation*  in  the  data, 


■/. 
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MA.Ktll  HYMMOhH 


Hymbol 


DoflnlUnn 


A 


--A-- 

Mauu  numbor  of  it  nuolldo 


A„  Effective  (iron*  attenuation  factor  for  tlticon- 

UmlniUlon  uqulpmenl  operator 

Ap  Defined  by  FCr(t)I(t)s  In  fiBilona  on  foliage 

per  aq  ft  of  aoll  area 


Ah  Effective  attenuation  factor  for  itrootawocpor 

i  „  f  operator  from  radiation  iouroei  In  tho  hopper 

A ,  Attenuation  factor  for  itreotaweoper  operator 

from  aurrouncllng  radiation  Houroea 

Ar  Cloud  radioactivity  concentration  in 

(  flailoni  per  cubic  foot  '  •  «~ 

A'  Stem  radioactivity  concentration  in 

flu  ions  per  iq  ft  ? 

a  Nuclear  ogploalon  cloud  radlua  at 

0  to  8  minutes  after  detonation  > 

a,  ftj ,  Decontamination  equation  constant  for  abiorptlon 

ora,,  Interaction  (iiuwatir  and  ilurry  type  fallout) 

J 

■i 

«L  Foliage  contamination  factor ;  fluloni  per  gram 

of  dry  foliage  divided  by  flailoni  per  iq  ft  of  soil  am 

a,  Hadlui  of  item  or  fireball  at  the  altltupe,  a 


*,(t) 


Radioactivity  of  tho  I**1  nuolldo  lit  the  time,  t, 
after  flaaloni  in  dli/ibo  pur  flaalon 


xix 


Hv  ml » 1 1 


I  >l  'I  I  II  ll  lull 


o 

fl1,, 


I) 


0(A) 

CJrd) 

0|,, 


(ill'), 


Hli'in  "i  t*  la  uni  i  in  I  niii  ill  I  Imr  ni 
i'IijIIi'hI  i  ii  1  Ii  hi  I  |  in  rl  i  < '  1 1 '  l<m 


Pn i*l Into  hIku  purumoler,  did'lnul  tin  vw/v, 

Hl/.c  pimmii't i>f  Jnr  [iiii'llch'H  from  n|oud  tinnli'i’, 
(U'H IH'll  II M  X/ll 


n 

(I)  Hidlo  of  I'IhhIhii  In  Udul  yield 

(«)  Freuudlloh  ndBtirplIcm  equal, Son  eoiiKiani 
lor  fjlomenlH  in  Blurry  typo  In  1 1  nu  I 

(1)  Nut' l«nr  BxplnHloni  cdmiil  hull'- UdukiuiHH  r- 

tit  fl  to  a  mlmittw  uflor  rlolowitlnn 

(li)  Hullo  of  iviuhh  of  hoIIcIh  In 

nil mlm r  of  moltm  ot  rudlountl  ve  edumunl 

.  ..  .-'I 

ltullo  oi'iuimhor  or  nimtron  cHpi-uron  to 

luimhtiv  c»l!.  1‘IbhIoiim  (to  form  u  nuolltlu  of  iiuihh.  iHimlioi'  A) 

Foliage  oroppiiRo  rate;  in  «q  fl  of  foil uko 
(dry)  oonmimod  per  tluy  *  •  .  , 

Oonaeintrntlon  of  fimnloii  produo Lh  In  fullouU 
In  mol ob  of  fiBBion  prnduotB  p»pmg  »fl'nl!<nil 

Hiulkiolomniil  luuicioiitri.HloiiH  In  liquid  pIhiho 
of  Blurry  typo  fulloul.  In  moles  per  mu  of  l ItjuUl 

llmlloflomont  oonoimirullouH  In 
Btmwiitur  rollout  dropn 

lUidlullon  ooul I'lhiil ion  mclor  of  nren  | 


v\ 


Mv  iiilml 


i 1 


I)1 


I  I  HI'  ll„K 

Vi 

Y, 

Dm'  11,(1) 
OHM 


il" 

'«!.  . 

<1(1,  I  ) 

A  DliJVI 


\  I' 
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III  llir  1 1 1 1 1 1 1 1 1  til  tmllilii  III  nllll'iy  I  %■  1 1  ■  *  1 1 1 1 1 1 1 1 1 1  , 

in',  i'imi'1'iil  ni  I  inn  nl  i'ii  1 1 1 1  ■<  <1  <  1 1 1 1 1 -ill  1 1  in  llin 
mil  ill  i  n  1 1 1 1 1  In  1 1 1  it  il  ini  rl  ii'li'H .  in  n  1 1 1  It  ■  m 
| ir > r  lli|(  ul  uni liln 

I) 

1  ’ In i in i liu  ilunn  ul'  n lliiwmit! iluHu:  In  rnunlutniH 

I’ntuiiMiil  nxjiiiHuni  ilnrfii,  uaunUy  iloflmitl  Ini'  il 
It  mitt  ion  ill  ,'l  I'nul  nlinvn  mi  (>xl  on<  iotl 
jiliinn  Himmi  nl'  nidluiinl  Iv ||,v 

IiiHti'iinionl  ctiHponNu  1'm.oUii.' 

Diijafci-l'Hl.ii,  UT  liilllir.i.illlill  I'tlUi,  ,  illlil tip lli.il' i 
ilol'lnucl  iifii  I)/I  0) 

u 

(1)  Purllolo  1 1  linn  nl  o  r 

(2)  UunMlty  ul'  ho  I  Ills  In  HonwttU.)  I’  I'ttUiruit 

Omlot'  ili:>|illi  (Holla) 

Apparqnl  urtiLo  r  dopl.li  (wrt(oi') 

Morllnn  (llnmntor  of  I'nlltnil.  piii'tliilcn* 

Wttlor  (Uii)lh  (hii  rliin’  (lolonntlon). 

dmiur  dopth  In  Ivnhnr  I  ml, torn 

UiHi!iy--iiomi(,i|.loi)  rnnlni’  (l.c.i  rttumliml  llmo 
lll’l  q  I’  (Ini  omit  loll ,  I  f  I  I) 

•-A“- 

Uillaroiuin  In  UUM 

IJlHHoiilnl  Inn  muirnv 

illnuigu  in  imui'oiil  nnurny 

tlhltnu'n  in  nliunlii  nl  Irnn  nnni'^y 
nl  uhnink’ii!  runi'InnlM 


S  *  I 


Hymliul 

Definition 

4  II  v 

Unit  ol'  vi(|mrlKiiiloi) 

Hullo  ol  uruUir  depth  lol'  aill’fnuti  (ItUoiulUon(s) 
lo  oratur  depth  I'm'  dntnnaUon(s)  at  other  depths 
nr  heights  of  burnt 

IS 

(i)  Energy,  of  photons,  eta, 

\ 

fi!)  Decontamination  method  effort, 

or  anorgy  expended  in  man- or  equipment" 
hours  per  unit  areii 

en 

MlTlaUmcy  coefficient  for  (some)  decontamina¬ 
tion  mothodm  in  fraction  of  fallout  mass 
removed  per  cyole 

1 

•’T 

I 

■-:V  -  'l -  J 

F,  Fj 
or  Fj.  | 

Docontaminution  ratio,  or  fraotion  of  fallout, 
or  of  a  radloelament  In  fallout,  remaining 

aft^r  decontamination  ii 

\  i 

J 

\  . 

rcr  <t>  . 

ii 

Foliage -contamination  factor  contour  ratioi 
in  flu  lone  on  foliage/iq  ft  of  soil  area 
per  r/hr  at  time,  t,  after  detonation 

i 

i/ ' 

FD 

Fraction  of  device  per  unit  area 

! 

FD,(t> 

Fraction  or  device  contour  ratloi  In  (r/hr)"1  j 

..  >  if  ‘ 

V 

:.// 

Fraotion  of  ma«>  of  fallout  remaining 
after  decontamination 

•1 

■'  -  f 

■ 

Pr 

V 

Fraction  of  ionisation  remaining 
after  decontamination 

1% 

!i 

Amount  of  ingested  nuclides  on  partlalen 
passing  through  digestive  tract  (gul)i 

In  moles  of  fission  products  per  day  or  dls/seo  per  day 

PPr(l) 

Fission  product  contour  ratioi 

In  moles  of  fission  products/sq  ft  per  r/hr 
til  tlmo,  1,  after  detonation 

’  1 

1 

XX 11 

Symbol 

Dnl'lnlUim 

f«<  to) 

Total  nut  an  of  solids  and  liquid* 

por  unit  of  yield  for  harbor-detonation  fallout 

l'(tv) 

Ideal  (or  unfraottonated)  Inverse  spealflo 
nativity  of  land-type  fftllouti  In  m^/fl*alcm 

1 /(o) 

Ideal  (or  unfraotlonated)  inverse  specific 
aativlty  of  seawater  fallouts  lit- Tiis/fissioii 

"0  ~  | 

<t>  nr  p 

Fallout  modal  scaling  parameter 
for  oomputing  atandard  intensities 

i 

■«Q««  \ 

a8 

Gonitant  for  referenced  free  energy  change 

■  i. 

v 

lurfaae  tension  of  drop  of  liquid 

h 

(1)  Altitude  of  center  of  cloud 

at  0  to  8  minutea  after  damnation 

(SI)  Depth  or  height  of  burat 

-  :  ,  .  '  \  < 

"«1«»  1  '' 

y 

1(1) 

Standard  tntonalty  t  obaarvad  lonlaatlon  rata 
decay -oorreoted  to  H+1|  in  r/hr  at  1  hr,  at 
a  feet  above  an  open,  uniformly  contaminated,  field 

Uty 

Air  lontaatton  ratei  In  r/hr  at  ttme,  t,  V. 

aftar  detonation  \ 

The  initially  depended  amount  of  an  element 

in  the  liquid  phaae  of  slurry  fallciuti  In  molea  par  eq  ft 

Im 

Initial  man  level  of  fallout  depoatti 
in  gm/aq  ft 

^  c 

Sourue  intensity  of  a  contaminated  aurfaoe 

xx  I U 


Symbol 


Definition 


1,1, ,  otu. 

I 


K  or  K, 

KS|  •> 
K», 


Kn 

KID.KJt) 


K(E) 


K,S 

^*|H 


lonlKulloti  wi to,  mcllutlon  Intensity,  or  other 
representation  of  tho  Initial  fallout  duposlt  level 

Number  of  moles  of  a  given  element  In 
a  drop  of  seawater  fallout 

"  *  K"  * 

Decontamination  equation  parameter  for  seawater 
type  fallout;  In  C- Level  unite 

Decontamination  parameter- foi:,  seav^isr 
fallout;  In  mg/aq  ft  „•  f 

"j 

Decontamination  parameter  for  aeaWater 
fallout!  In  r/hr  at  1  hr  ?  • 

Thermodynamic  equilibria  oonetante  Rnd/or 
aolubility  produots 

Various  equation  oonetante,  for 
R  «  1,2,3,  eto, 

Yield  distribution  oontour  ratio, 

same  units  ais  Ktt)0(l)i  In  r/hr  per  fission/ 

siq  ft  or  In  r/hr  por  K/sq  ml 

Efficiency  coefficient,  wet  dooontaminatlon  methode 

Equilibrium  oonatant  for  formation  of 
compound  designated  AB 

Equilibrium  constant  Mr  exchange  reaction 
of  an  element 

Equilibrium,  or  dissociation;,  constant 
In  terms  of  partial  pressures 

Mass  »oorreotlmi  factor  {surface  detonation) 

Fallout  model  scaling  system  parameter 

Henry' ■  law  constant 

Mixing  coefficient  for  the  Ineolublo  elemonta  with 
the  soil  particles  In  slurry  type  fallout 


XXIV 


Definition 


Cloud  or  flrubitll  nilu-nl'-rUo 
equation  constant 


—  L— 

Relative  partial  molar  heat  oaritnnt  of 
element  in  gas  phase 

Relative  partial  molar  hunt  content  of  element 
In  liquid  phase  „ 

""X"" 

Nuclear- eoaled  depth  i  defined  by  h/wV& 
where  h  li  In  feet  and  W  is  in  kllotona 

— M-- 

(1)  Molecular  weight 

(fl)  Maea  of  fallout  partlolea  remaining 
after  decontamination)  in  gm/aq  ft, 

Maaa  contour  ratloi  tn  mg/aq  ft.  per  r/hr  at 
time,  t,  after  detonation  (for  the  fallout  from 
a  detonation  at  a  nuclear  eoaled  depth  of  X  N) 

Maea  of  partiolea  ramaining  after  decontamination 
after  expending  an  excess  of  energy 
(i,e,i  infinite  effort) 

»«p  »- 

Klaln-Niahina  absorption  coefficient  for  air 

Compton  absorption  or  scattering  coefficient 

■»N«“  ) 

"Zero  time"  number  of  atoma/sq  ft  of 
radionuclide  of  maaa  number  A 

Mole  fraction  of  element  j  in  liquid  phase 

Mole  fraction  of  gasuoua  apeoica  of  element  ) 
in  vapor  phaae 


Definition 

Number  oi'  atom*  of  element  J  of  man* 
ohuln  A  per  1  ()<  fissions 

Number  of  atom*  or  mole*  of  flexion  products  ■ 
per  unit  area 

Number  of  moles  of  element  ,|  In  gas  phase 

Number  of  moles  of  element  J  condensed  on  or  Into 
liquid  soil  particle  surfaces 

Number  of  moles  of  meltod  carrier 
in  surface  layer  of  particle 

Total  number  of  moles  of  carrier 
In  partial# 

Moles  of  liquid  carrier  - 

n  w  Number  of  particles  having  else  parameter  a 

per  unit  volume  of  cloud 

n  -  Total  number  of  mdse  of  gas  molecules 

M  in  fireball 

-p- 

P  (l)  Total  pressure,  in  atmosphere 

(9)  Kinetic  power  of  a  water  stream  1 

•  •  ]  ■  .»  i 

Po  Initial  preisure,  In  atmosphere  f 

Pj  lonlaatlon  rate  weighting  factor 

for  radionuclides  of  element  j 

PF)  System  protection  factor 

p  (1)  Overpressure,  In  pel 

(9)  Pressure,  over  the  surface  of 
a  drop  of  liquid 


Symbol 
Nj  (Ait) 

«fp 

n? 

"i 

n(J,p) 

MP) 
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Symbol 

Pi 


Q 


I'oi'lnHIon 

Purtittl  pressure  ol'  element  1 
over  liquid  phusn 

Hul  ill  mull  on  pressure  ol1  element  j 
Vapor  pressure  of  carrier  material 

■* -Q«- 

Water-flow  rate  through  naaala 
lUnergy  in  blast  wave 


Qi 

tin 

R 


RN 

Rr  (t) 


r 


rfplarjl) 

or  r  (l) 


JA 


(«) 


fnergy  In  fireball 

Terrain  attenuation  factor 

> « R-  -  /■ 

Molar  Boltaman,  or  gas,  constant 

Remaining  maaa  of  fallout  partlolea  after  dsoon- 
tamlnatlon,  for  infinite  effort  and  a  high  initial 
level  fallout  depoaiti  in  mg/aq  ft 

‘  <  ) 

Remaining  maaa  of  fallout  particles  after 
decontamination,  for  infinite  effort  and  a 
low  or  Intermediate  initial  level  fallout 
dopoaiti  in  mg/aq  ft  \ 

Realdual  number i  ratio  of  exposure  doaa  with 
n  radiological  countermeasure  to  tho  potential 
exposure  dose  (  l,e.,  without  a  radiological  oountermeaaura) 

lonlRatlon  rate  remaining  after  decon¬ 
tamination,  for  a  contact  time  of  ti  j 

in  r/hr  at  i  hr 

tonleatlon  rnte  nt  tlmu.  t,  after  detonation 
(and  after  decontamination) 

Fireball  radlui 

,  Gross  fisslon-produot  Ionisation-rate 
fractionation  number  at  H+l 

Fraction  of  a  nuclide  of  element  J  and  maaa 
number  A  that  la  condensed  or,  particles, 
or  particle  groups,  designated  by  rr 
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IMhiUUm 

Maximum  flrplxill  rmllun 

Fraction  of  an  nlmmrnt  of  man*  chain  A 
Bontlenaei!  Into  liquid  pivrlioleis  ui  the 
Urns  that  they  aoUdlfyi  a 
fractionation  number 

Fraction  of  an  element  of  mas§  chain  A 
oondenaed  on  the  nurfitoB  of  solid  partlaloai 
a  fractionation  number 

Same  ft*  r0(A)  and  r(f(A),  respectively,  / 
for  a  radionuclide  deeignated  by  I  / 

—  it  —  <rho)  ’ 
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S  SoHeRo-liquid  mm*  ratio 
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B.  Solld-to-liquid  ratio  weighting  factor 

i  • 
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**T“» 

T  Absolute  temperature  In  degrees  Kelvin 

'•  ..  .  ‘  rt,  . 

t#  Fallout  arrival  tlmai  time  after  detonation 

Fallout  cessation  timer  time  after  detonation 
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time  after  detonation 

t rt0B  Decontamination  »tarllng  tlmei 

time  after  detonation 
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to  Its  location  on  .the  ground  surface 

Terminal  full-velocity  vector  of  a  particle 
or  particle  group 

Par  Lie  to  rail- rule  equation  aoimtnnt 

-W-« 

Total  weapon  explosive  yield;  In  kllotoivs 
(of  TNT) 
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In  Morns  or  molnn  par  I'lnalon 
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Miihb  surface  donnlty  of  fallout  purtloleB 
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In  mg  per  nq  ft 

Number  of  atom*  per  fluunlon  of  element  ] 
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Fractional  chain  ylolcl  i  In  atoms  per  fission 

*r  '  i  ■ 
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lurgo  particles  fall  away  from 
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decontamination,  008 
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959-471,  479,  478 
disposal, 470,  004 
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major,  304  11 
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realdontial,  054-800 
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internal  pressure,  138 
model  parameters,  118, 160-138, 
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correction,  108-110,  107,  831,  384, 
352 

decay  rate,  96,  330,  386,  410,  513, 
534 

delivery,  369,  355-368,  473,  547 
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agricultural,  90B 
nnalyalu,  5Q0 
area,  471-480,  498-504 


xxxv 


INDEX 


Decontamination  (Cont,) 
building  ground*,  50U 
building  surfaces,  486 
constants,  41 0 
Conti,  470 

see  Countermeasures 
crew,  1104,  478,  460,  838,0110, 

0119,  851-009 

oritloal  parameteri,  451-478  , 
effectiveness ,  1)82,  393,  410,  401, 
471,  480,  008,  050,  578-080 
efficiency,  »••  Mothod 
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non  ('loud, 
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Disintegration  multipliers,  ace 
Radioactivity 
Dispersal,  381,  362,  368 
Disposal  area,  373,  304 
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problems,  8811-888,  368-371 
population,  300 
rate,  386-982 
rtisaurcra,  547 
Sweeping  mot  hod  i 
hand,  48) 

motorised,  382,  472,  484 


liv 


INI)  MX 


Symbolic  In  I  lout,  4(1,0,  471  481),  507 
l&yatom  protection  fmotnr,  !I7U 

l-  --T-- 

Tagged  nail.  485,  4B0,  1)07 
Tuntsilulii  jiu ijilulps,  481 
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fiooQiitnminntlon  start,  535,  553 
fall,  particle,  280,  230,  337,  513 
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190,  217,  227-240,  270-304, 
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